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H ALOID RECORD is plenty tough. it resists 
heat and withstands moisture. It provides sharp 
lines and legible contrast. Its processing advan- 
tage and consistently uniform performance 
even under the most adverse conditions of field 
and laboratory, make it the ideal paper for this 
work. 


For superior seismographic recordings that 
successfully combine photographic excellence 
with an amazing ability to withstand abuse, use 
Haloid Record—the paper that's favored by 
critical geophysicists. 
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matched by heat treated driving pins in the 
kelly drive bushing. 


This automatically self-centering three- 
point drive provides a smooth-running 
anti-backlesh kelly operation with a 
minimum of vertical friction. The 
equally loaded pins actually float 

in the drive bushing, so that 

wear is evenly distributed, re- 

sulting in longer life and effi- 

sient, economical operation. 


further information, 
write er wire your 
kelly requirements 
FAILING today. 


COMPARE the 
FAILING 
e 
kelly drive- Note ; 
3 inexpensive easily : 
replaced pins which of 


ing 
rincipal 
of assembly- 


a 


vi Bulletin of The American Association of Petroleum Geologists, January, 1949 


Doodlebug? 


Yes, the above pictured potentiometer was so called 
when it was first introduced in the oil fields, but this 
instrument helped make possible the origination of 
the following Schlumberger services: 


1927 Electrical Logging 
1932 Thermometric Surveys 
1936 Sidewall Coring 

1940 Dipmeter Surveys 
1944 Radio-Active Markers 
1947 Induction Logging 


A modern design of this same instrument is still 
making good electric logs in certain fields throughout 
the world. 

Additional aids to the oil industry are in the mak- 
ing, and Schlumberger will continue to pioneer serv- 
ices in the future as in the past. 


SCHLUMBERGER W JIRVEYING CORP. 
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DIGBOI OIL FIELD, ASSAM! 


E. V. CORPS? 
Digboi, Assam 
ABSTRACT 


The Digboi oil field is in northeastern Assam on a faulted elongate anticline in rocks of the Tipam 
series (middle Miocene). The three main producing formations are the Bappapung sandstone, the 
Nahor oil sand, and the members of the Digboi oil sand group. There is pronounced lateral variation, 
and permeabilities are very low. As a result, productivity is very variable and it has been necessary 
to use very close spacing. The oil is remarkable for its high pour point, 95° F., and high wax content. 
Brief reference is made to several problems, including the difficulty of differentiating oil, gas, and 
water-bearing sands in electrical surveys because of the low salinity of the formation waters, paraffi- 
nation, loss of circulation while drilling, and migration of oil into the structure from the Barail 
(Eocene-Oligocene) beds below. 


INTRODUCTION 


The Digboi oil field is almost at the head of the Assam Valley nearly 600 miles 
northeast of Calcutta. Although Digboi is on the edge of the valley, through 
which flows the Brahmaputra River, and is only 500 feet above sea-level, it is 
surrounded by a semi-circle of high mountain ranges (Fig. 1). On the north is the 
eastern continuation of the Himalayan Range, whose great snow-covered peaks, 
rising to 25,000 feet, can easily be seen in clear weather. On the east are the 15,000 
foot peaks which mark the boundary between India and China; these are “‘The 
Hump” over which the Air Transport Command ferried vast quantities of sup- 
plies into China. On the southeast is the Patkai Range, rising to 8,000 feet. It was 
over this range that the first stage of the great 1,000-mile Ledo Road was built 
during World War II from Assam to China. This road begins at the village of 
Ledo, which is 12 miles southeast of Digboi; it is now known as the Stilwell Road. 

The climate is very wet; the annual rainfall is 120 inches, almost all of which 
falls in the period from April to October. Consequently, the region was, until a 
century ago, almost entirely covered by thick jungle. Since then, clearings for tea 
and rice cultivation have led to the opening of much of the flat ground of the 
valley, but the foothills and the lower slopes of the mountains remain covered by 


1 Manuscript received, July 30, 1948. Published by permission of The Burmah Oil Company, Ltd. 
2 Geologist, Burmah Oil Company, Ltd. 
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dense sub-tropical jungle. Assam is a very malarious province but in the oil 
field area malarial control has greatly reduced and is still reducing the occurrence 
of the disease. 

The Digboi oil field is not large, but it was important during World War II. 
It was the most easterly Allied oil field in operation during the entire Japanese 
campaign. Located in the forward area during the period 1942-1944, it was for 
some time only 75 miles from the Japanese headquarters at Shingbwiyang. 
Throughout this time drilling activity was intensified, and, production was main- 
tained much above the peace-time level. In the early part of this war period, be- 
fore arrangements were completed for the importation and piping to the Assam 
air fields of gasoline from other sources, it was on this Digboi production that the 
Army and Air Forces based on Upper Assam relied chiefly for their gasoline. 


GEOLOGY OF UPPER ASSAM 


The geology of Assam has been described in detail elsewhere,’ and is presented 
only briefly here. 

Stratigraphy.—Except for the Central Assam Range and the Eastern Hima- 
layas almost all of Assam consists of Tertiary rocks or of Recent alluvial de- 
posits. The more important local divisions of the succession in Upper Assam and 
their approximate ages are given in Table I. 

The Disang series includes a great thickness, possibly more than 10,000 feet, 
of shales with subordinate sandstones. The Barail series is more arenaceous and 
contains thick seams of coal and many oil showings. It is separated by an impor- 
tant unconformity from the overlying Miocene beds. The Surma series is poorly 
developed in Upper Assam and is entirely missing from some sections, where the 
Barail series is directly overlain by the Tipam series. The Surma series consists 
of alternating beds of shale, sandy shale, shaly sandstone, sandstone, and conglom- 
erate. In Upper Assam it is less than 2,000 feet thick, although farther south- 
west it attains a thickness exceeding 20,000 feet. The Tipam series includes sand- 
stones that are somewhat coarser, mottled clays, and a few conglomerates. In 
this series there is believed to be an unconformity which may be correlated with 
a break that has been more fully investigated in the southern part of Assam; 
if so, the upper part of the Tipam series of Upper Assam should be separated as a 
different series. Another break occurred after the deposition of the Tipam beds, 
which are consequently unconformably overlain by the next group, the Dihing 
series, largely pebble beds. Alluvial deposits cover a great area and include vari- 
ous types of high-level alluvium, in addition to the sand, silt, and clay, which 
make up the flat ground through which the Brahmaputra River flows. 

The rocks of Assam are remarkable for the paucity of fossils and consequently 


3H. M. Sale and P. Evans, “The Geology of British Oil Fields; I, The Geology of the Assam- 
Arakan Oi] Region (India and Burma),” Geol. Mag., Vol. 77, No. 5 (1940). P. Evans, “‘The Tertiary 
Succession in Assam,” Trans. Min. Geol. Inst. India, Vol. 27, 3 (1932). 
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there is difficulty in assigning the different divisions to their correct places in the 
European time-scale. Correlation in the province has been greatly helped by 
heavy-mineral investigations.‘ 
TABLE I 
STRATIGRAPHIC SUCCESSION, AssAM 


DIHING SERIES 
PLIOCENE 
-O 
MIO-PLIOCENE 
TIPAM 
4. SERI 
L 10,000 Giryjan Clay 
tage 
MIOCENE |-:.- Stage 
SURMA SERIES 
20,000 
Coal 
OLIGOCENE 
& EOCENE |: BARAIL SERIES 
L30,000 
EOCENE 
DISANG SERIES 


Structure—The Central Assam Range is geologically the northeastern con- 
tinuation of the Indian Peninsula, and although the ancient metamorphic rocks 
of these hills are covered with alluvium near Jorhat, it is probable that similar 
rocks extend for a considerable distance northeastward, buried at great depth by 
Tertiary deposits and the alluvium of the Brahmaputra River. These old rocks are 
overlain by a shore-line development of the higher groups of the Tertiary and 
have been overridden both from the northwest and the southeast by a series of 
overthrust strips of Tertiary and (in the northwest) older rocks. The geology of 
the southeastern side of the Assam Valley (Fig. 2) has been examined in detail 
and many thrust faults have been accurately traced. The most important of 
these is the Naga thrust which for many miles closely follows the southeastern 
edge of the Brahmaputra alluvial valley. Associated with the thrust faults there 
are a few areas in which anticlinal structure still remains; of these, Digboi is one. 
However, most of the hills southeast of the valley consist of slices of Tertiary 


4R. J. Hayman, “A New Form of Range Table for the Graphical Representation of Heavy 
Mineral Analyses,” Quar. Jour. Geol. Min. Met. Soc. India, Vol. 18 (1), pp. 5-12. 
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became asymmetrical and then yielded along the steep flanks, denudation sub- 
sequently removing all traces of anticlinal structure from the greater part of the 
area. 

GEOLOGY OF DIGBOI 


Position.—The Digboi oil field is on a long, narrow, faulted anticline in which 
a large part of the Tipam series is exposed (Fig. 3). The fault which bounds the 
structure on the north is the Naga thrust, and Digboi is a local culmination at the 
northeastern end of a long line of uplift known as the Jaipur anticline. 

Stratigraphy.—The detailed stratigraphic succession found in the Digboi field 
is given in Table II. The greater part of the area occupied by wells is on the out- 


TABLE II 
STRATIGRAPHIC SUCCESSION, DiGBOI FIELD 


Alluvium O-300 feet 
Cherali Beds (? Older alluvium) up to 700 


DIHING SERIES Dhekiajuli Beds up to 6000 

Girujan  Girujan Clay (G.C.) over 5,800 

Clay Stage Arenaceous Alternations (AA) 500 

Hansapung Sandstone (H.P.S.) 900 

TIPAM Bappapung Clay (B.P.C.) 300 

Bappapung Sandstone (B.P.S.) 600 

Tipam Upper Digboi Mottled Clay (UOMC) 250 

SERIES Sandstone Nahor Oilsand (Nhr) 250 

Stage Lower Mottled Clay (L.M.C.) 250 

Upper Digboi Oilsand Group (0.0.G.(U)) 250 

Middle Digboi Oilsand Group (D.0.G(M)) 620 

Basal Digboi Oilsand Group (DOG.(B)) 200 


SURMA SERIES Oo -200 
BARAIL SERIES ? Upper Tikak Parbat Stage O-200 


crop of the lower division of the Tipam series, the Tipam sandstone stage. Beds 
of this stage down to the lower Mottled clay are exposed in the Digboi fold itself 
but lower beds crop out in parts ofthe Jaipur anticline on the southwest. On the 
northern flank of the Digboi fold, exposures are limited but Girujan clays and 
the uppermost Tipam sandstones crop out. 

There are no exposures north of the Naga thrust, the country being entirely 
alluvial. However, wells which have penetrated below the thrust have proved the 
presence of a thick group of coarse sands, with a few pebble beds, known as 
the Dhekiajuli beds and referred to the Dihing series. These have also been found 
at shallow depths in core holes drilled to locate the sub-alluvial position of the 
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Fic. 3.—Geological map of Digboi field. 
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Naga thrust. However, some of these core holes have found a variable thickness 
of another group of coarse- to medium-grained sands, known as the Charali beds. 
The exact relationship of these beds is not yet clear, and they may be representa- 
tive of some older alluvium. 

A small thickness, not more than 200 feet, of beds referable to the Surma 
series though in many respects unrecognizable from the overlying basal Digboi 
oil sand group, is found in the eastern part of the field. Elsewhere, except for one 
doubtful occurrence, the Surma is absent, and Tipam sandstones rest directly on 
beds of upper Barail age. The probable importance of this contact in regard to 
the migration of oil into the Digboi structure is mentioned later. The lowest beds 
encountered in drilling belong to the Barail series, but little more than 200 feet 
of this series has been found, lower beds being cut out by the Naga thrust. Al- 
though there is an important stratigraphic break, at the top of the Barail, there is 
no angular unconformity, and the dip in the Barail is the same as that of the 
overlying beds. 

The greater part of the nomenclature dates from 25 years ago and is still in 
general use, but is now supplemented by more precise divisions based on Schlum- 
berger surveys. Arenaceous divisions are referred to as S.1, S.2, et cetera; clays 
as C.1, C.2, et cetera; and argillaceous sands, sandy clays, and alternations of 
sand and clay as A.1, A.2, et cetera. The subdivisions of the Tipam sandstone 
stage (Table II) persists throughout the field but vary appreciably in thickness 
(Fig. 4). The sandstone and oil sand groups are not all arenaceous but are merely 
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Fic. 4.—Longitudinal section of part of Digboi field. 
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ranges of strata with predominance of sand. Similarly the clay groups, although 
mainly argillaceous, contain lenticular beds of fine sandstone, clayey sandstone, 
coarse sandstone, and calcareous sandstone. Evidence from cores supplemented 
in recent years by the electrical logging of every well has enabled accurate sec- 
tions to be drawn throughout the field and these show a remarkable development 
of lateral variation in all the formations drilled. This is in accordance with the 
observations made where the entire Tipam sandstone stage crops out in adjoining 
areas. 

Structure —The Digboi structure is very elongate, the anticline extending 
approximately west-southwest and east-northeast. It is very sharply folded and 
in parts markedly asymmetrical, the northern flank being the steeper flank. The 
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Fic. 5.—Section across western end of Digboi field. 


southern flank disappears under the alluvium about a mile south of the crest. 
Much of the northern flank is covered by alluvium, but it is known to be cut off 
by the Naga thrust which is concealed by the alluvium and extends parallel with 
the fold on the north. 

A section through the western end of the fold is shown in Figure 5. The struc- 
ture is very pinched, and near the surface there is some overfolding on the north 
flank, perhaps accompanied by faulting. Figure 6 is a section east of the summit 
of the structure. It is characterized by marked asymmetry, the dip on the north 
flank increasing from 65° near the surface to vertical at depth; the dip on the 
south flank is approximately 45°. Figure 7 is a section at the eastern end of the 
productive area. The fold is asymmetrical but is much less pinched. 

The structure is dominated by the south-hading Naga thrust. This thrust, or 
its equivalent, is known for a distance of more than 250 miles, but for most of this 
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Fic. 6.—Section near central part of Digboi field. 


distance it is beneath the alluvium, parallel with and north of the exposed rocks. 
The line of the sub-alluvial outcrop of the thrust has been determined in the 
vicinity of Digboi and nearly 100 miles southwest by torsion-balance observa- 
tions, checked by a few shallow core holes. Many of the more recent wells have 
been drilled to the thrust and its position at depth is fairly accurately known for 
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Fic. 7.—Section across eastern end of Digboi field. 
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a distance of 5 miles. At depth the thrust plane hades parallel with the beds of 
the south flank. 

The surface summit of the structure is in the western part of the oil field 
(Fig. 8). From this culmination there is strong westerly pitch reaching a maxi- 
mum of 70° within 3 mile of the summit. There is a general easterly pitch of 10°, 
but important local variations occur, some as a result of changes in the nature of 
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Fic. 8.—Crestal section through Digboi field. 


the folding and some because of stratigraphic variations. These give rise to domes 
and saddles underground. At the eastern end, the structure is thought to run into 
the Naga thrust. 

OIL POOLS OF DIGBOI FIELD 


Productive ranges——The Hansapung sandstone yields large quantities of 
fresh water, but in the extreme eastern part of the oil field a few beds show oil, 
but do not produce. The Bappapung sandstone also yields fresh water in the 
western part of the structure, but on the eastern pitch there are oil sands which 
have recently been developed and now yield 6 per cent of the production of the 
Digboi field. The Nahor oil sand and the underlying beds also produce in 
nearly the same proportion but were formerly more important. The Digboi oil 
sand group, divided into upper, middle, and basal sub-groups by two persistent 
clay bands, yields the greatest part of the oil. The thin Surma series has recently 
been found to contain oil in the eastern part of the field. The Barail sands have 
been found to contain only feeble showings of waxy, inspissated oil, and have 
shown no oil when tested. 

Development.—As early as 1867, shallow wells were drilled in Upper Assam 
near the larger seepages, but these were not at Digboi, where drilling did not be- 
gin until 1889. The first group to be developed was the Nahor oil sand, whose 
strongly oil-stained and paraffined outcrop attracted the attention of the early 
operators. Later, the more productive oil sands of the Digboi oil sand group were 
discovered. The small productive pools of the Bappapung sandstone down the 
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easterly pitch are of comparatively recent development, though production in 
this group had been proved more than 30 years ago. 

The Bappapung sandstone, the Nahor oil sand, and the Digboi oil sand 
groups have been developed by separate generations of wells. Each of these 
groups consists of several individual oil-bearing sands, and the oil is found in 
chance permeable streaks and lenses scattered irregularly throughout these sands. 

Taking the Bappapung sandstone and associated beds as an example, five 
main oil-bearing sands are recognized. On the Schlumberger log, they are 
known as follows. 

S.6 

S.7 

S.8—substage (a) 

S.8—substage (b) 

A.3—a sandstone in the U.D.M.C. but developed with the B.P.S. 

The productive area of the Bappapung sandstone consists of four narrow 
crestal segments about } mile or less in width, distributed in a distance of 2 miles 
(Fig. 9). In these segments occur the following distinct pools, separated by bar- 
ren or water-bearing areas. 

2 pools 
3 pools 
) 4 Pools 
) 3 pools 
3 pools 

Similar conditions are found in the Nahor oil sand, of which a general outline 
of the productive area is shown in Figure 1o. In the Digboi oil sand group there 
are 12 main productive sands, the pools in which overlap, so that the entire 4}- 
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Fic. 9.—Oil pools of Bappapung sandstone group. 
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12 E. V. CORPS 
mile, narrow, tapering area shown in Figure 11 is productive in some parts of the 
group and there are no non-productive gaps as with the shallow groups. 

It has been necessary, in order to develop the field remuneratively, to take 
the production of groups of sands together. However, this group production has 
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Fic. 10.—Oil pools of Nahor oil sand. 


been restricted by the drilling of separate generations of wells to the Bappapung 
sandstone, Nahor oil sand, and Digboi oil sand group; and by the present policy 
of selective bullet-perforation it has been possible to limit still further the ranges 
from which production is taken within these groups. 

Sand characteristics—The porosities and permeabilities of the sand groups are 
summarized in Table III. The low permeabilities of the Digboi oil sand group are 


TABLE II 
PoROSITIES AND PERMEABILITIES, DiGBoI FIELD 
Porosity Permeability 
Sand Group (Percentage) (Millidarcys) 
Range Average Range Average 
Bappapung sandstone 9-27 16 27-470 140 
Nahor oil sand 3-20 10 7-270 go 
D.O.G.(U) 9-18 12 7- 24 13 
D.O.G,(M) 4-21 10 0.5- 80 18 
D.O.G.(B) 4-19 II 0.3- 65 10 
Surma sands 6-21 II ©.2-540 110 
(Very variable) 


noteworthy. It is thought that in some wells which have given a comparatively 
large initial production, the productivity of this group is dependent largely on 
the presence of highly permeable streaks, which have assumably escaped measure- 
ment, and on fissuring. 

Spacing.—The pronounced lateral variation in the oil sands coupled with their 
generally low permeability has led to the development of the field at a close spac- 
ing. The intervals actually used are influenced by the depth necessary to drill, 
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and the deeper wells are spaced more widely than the shallow wells. In areas 
known to be much fissured, two or three pairs of wells have shown complete 
interference with one another; that is, either well will produce by itself the same 
volume of oil as is obtained when both wells are on production together. Apart 
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Fic. 11.—Oil pool of Digboi oil sand group. 


{rom these rare and special cases, no significant interference has been detected 
in any of the sand groups, despite the close spacing adopted. 

Pressures.—As is to be expected, the reservoir pressure varies considerably 
from place to place. The development of the Nahor oil sand and the Digboi oil 
sand groups was started long before bottom-hole pressure recorders were avail- 
able and we can only guess at the original pressures in these sands. As an indication 
of the order of pressures in these main groups, and having regard to the limita- 
tions previously expressed, we may quote the following. 

Reservoir Pressure (p.s.i.) 


Original Present 
Bappapung sandstone 700 150 
Nahor oil sand ? 200-1,000 I50- 500 
Digboi oil sand group ?1,000-2,000 500-1 , 800 


Productivity—The caliber of production varies astonishingly, especially in 
the Digboi oil sand group. Wells put to production at the same time, from ap- 
parently identical thicknesses of the same sand, and at the same structural level, 
may vary in initial production from a few barrels to several hundred barrels. 

Nature of crude——The oil is of mixed paraffine and asphalt base, and is re- 
markable for its high wax content, which amounts to nearly 16 per cent, and high 
pour point, which averages 95° F. Table IV gives the general characteristics of a 
typical Digboi crude. In general the crude is heavier near the margins of the 
pools and lighter eastward. The aromatic content of the crude varies from 15 to 
24 per cent by volume. 

Water.—Probably the most striking characteristic of the water production of 
the Digboi field is the generally low concentration of dissolved salts. In the 
Bappapung sandstone fresh water occurs in the western part of the field, but 
down the eastern pitch the sand is oil-bearing and the associated water shows an 
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increasing salinity eastward. It nowhere becomes more than brackish, however, 
reaching a concentration of only 3,500 parts per million. Nahor oil sand wells 
produce little water; it is more saline than the water found in the Bappapung 
sandstone and the concentration averages 7,500 parts per million. Digboi oil sand 
group waters are similar to those of the Nahor oil sand and also have a concentra- 


TABLE IV 
CHARACTERISTICS OF TyPICAL CruDE, Di1cBo1 FIELD 


Gravity, °A.P.I. 35 

Saybolt viscosity at 100° F. 46.0 

Saybolt viscosity at 130° F. 39-4 

Pour point, ° F. 95 

Flash point, ° F. 44 

Color Opaque by transmitted light, 


dark green by reflected light 


1.P. 24/44 DISTILLATION 


Initial boiling point 60° C. 
Distilling under 150° C. 16.5% 
Distilling between 150°—-180° C. 5.0% 
Distilling between 180°-300° C. 24.5% 
Distilling over 300° C. 54.0% 


tion of 7,500 parts per million; an analysis of a typical water sample is given in 
Table V. The waters in general show an increase in chloride content in the lower 
sands. This may provide a means of differentiating between Digboi oil sand group 
and Nahor waters of similar concentrations, but water analysis does not com- 
monly afford a reliable guide to the source of water production. 

Gas-oil ratio—Great attention has been paid to the gas-oil ratio of Digboi 
wells. With so many separate oil sands some of very limited lateral extent, it is 
impossible to make generalizations which hold good for the entire field, but there 
are indications of a gas cap in the highest part of the structure. The general plan 


TABLE V 
ANALYSIS OF TypicAL DicBot SAND Group WATER 


Paris per 
Million 
Total dissolved solids 751 
Sodium 253 
Calcium I 
Magnesium I 
Chloride 118 
Sulphate 3 
Bicarbonate 410 
Carbonate 34 
PALMER CLASSIFICATION 

Primary salinity 30.5 
Secondary salinity 

Primary alkalinity 68.4 
Secondary alkalinity 
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of marginal development has led to the postponement of drilling in the highest 
part of the anticline but wells already drilled high on the structure have high 
gas-oil ratios, though even here there is much variation. The over-all gas-oil 
ratio of the field is about 1,600 cubic feet per barrel, but would be much higher 
if measures were not taken to restrict the production of gas. 

Reservoir control.—Throughout the greater part of the field the production of 
oil is controlled by the low permeability of the sand and is dependent on the gas 
dissolved in the oil. Although sufficient evidence relating pressure decline to out- 
put is not available (being exceedingly difficult to obtain in a field where the 
conditions are so complex as at Digboi, and where group production is practised), 
there is good reason to believe that the field is mostly under what Herold has 
described as “capillary control.” This generalization does not hold good through- 
out the field, and at the eastern end the permeability is greater in the lowest 
sands, possibly because of slight shattering of the beds above the plane of the 
Naga thrust. In this part of the field there is evidence that hydraulic control 
plays an important part in the lowest oil sands, and as the oil is removed water 
rises rapidly up the flank and takes its place. 


PROBLEMS, SOLVED AND UNSOLVED 


Structure—It may be seen in Figure 3 that as the Digboi fold is traced east- 
ward it pitches beneath a belt of alluvium, reappearing 2 miles farther east. A 
resistivity survey was made in this alluvial belt and the structure suggested was 
later shown by drilling to have been accurately predicted (Fig. 12). 

In the early days correlation from well to well was an important problem. 
Flush sampling was used, with a few cores, but all the sands of the Tipam sand- 
stone stage are very similar, and detailed correlation was not easy. Heavy- 


RESISTIVITY MEASUREMENTS | | STRUCTURE SHOWN gS 
BY DRILLING 


NEAR DIGBOI 
4000’ 


A 


OF ALLUVIUM 
OF 


Fic. 12.—Results of resistivity survey in Digboi. 
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mineral analysis provided a few recognizable marker horizons but these were at 
wide intervals. No fossils have been found. In considering the degree of lateral 
variation which we now recognize it is remarkable how near the truth some of the 
earlier correlations were. Schlumberger surveys provided the evidence necessary 
to put the correlation on a firm footing, and enabled the details of the under- 
ground structure to be traced accurately. Without this method of logging the 
development of the field would have been considerably retarded, and much more 
cumbersome and expensive. 

Variations in productivity —The variations in productivity in the Digboi oil 
sand group have been, and still are, a troublesome problem. Some examples il- 
lustrate the degree of variation. At the eastern end of the field a well was brought 
in from the basal Digboi oil sand group in 1943 with an initial flowing production 
larger than average. Another well was drilled a short time later, while the first 
was still flowing much more than average; it was only 600 feet away on the same 
structural level, but the range was completely barren. At the western end of the 
field a small strip of the basal Digboi oil sand group was developed in 1945-1946. 
Most of the wells, both early and late, came in with a satisfactory yield, but 
two centrally located wells, drilled in the middle of the period, were almost com- 
plete failures. In the center of the field, three marginal wells were completed in 
1935 from the entire Digboi oil sand group, leaving an infilling site between them 
not drilled; their initial production was poor. The infiller was drilled 3 years later 
and had a very satisfactory yield, much larger than the previous three wells 
combined. 

At first it was thought that the normal method of completion by rotary, with 
ordinary mud, was perhaps responsible for the irregular results, and various 
other methods of completion have been tried from time to time. One of the 
earliest was wall-scraping with oil just before running the liner, but no improve- 
ment in production could be recognized. Some wells, using oil circulation, were 
drilled through the producing zone, but they gave results no better than adjacent 
wells which had been drilled with mud. Circulation was completely lost while one 
well in the fissured area was being drilled-in with oil; the hole collapsed, and it 
was not possible to drill deeper. Trials have also been made using gas-cut mud 
and gas-cut water, but results were not encouraging. 

In 1937 two wells were completed by cable tools: one through the upper half 
and the other through the lower half of the Digboi oil sand group. The results of 
these suggested clearly that the variations in productivity were primarily due to 
(a) variations in porosity and permeability, and (b) group production which al- 
lowed interference between sands of different pressures. These suggestions were 
later supported by wells completed with plain cemented liners and put to pro- 
duction from limited ranges of the Digboi oil sand group through bullet perfora- 
tion. Several of these wells produced much more from a limited range than adja- 
cent wells had yielded from the whole range. 

Therefore, the present policy is based on the cementation of plain liners and 
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producing from limited ranges through bullet perforation, low-pressure and 
otherwise undesirable ranges being shut off behind the pipe. Further, the quality 
of the mud is being continually improved so as to minimize any risk there may 
be of mudding-off potential productive sands. 

It was thought that production from a tight sand might be improved by 
shooting, and an experiment was made in 1944. This showed that the practical 
difficulties of the operation were considerable, and no improvement in production 
was found in the well in which it was tried. The sands of the Digboi oil sand group 
contain calcareous material, and laboratory experiments suggested that acidiza- 
tion might open drainage channels. Two wells were treated and both showed an 
increase in permeability, from the evidence of rate of build-up of bottom-hole 
pressure. The increase was small, however, and no significant change in produc- 
tion was obtained. 

Identification of fluid contents —The very low salinity of the formation waters 
has contributed greatly to difficulties in differentiating oil, water, and gas- 
bearing sands in electrical logs (Figs. 13 and 14). Only in the very lowest beds 
has there been any success; and that only by the use of an empirical formula, 
based on experience, which differentiates in a general way: (a) beds almost cer- 
tainly entirely water-bearing, (b) beds probably chiefly oil- or gas-bearing, and 
(c) beds whose fluid content is uncertain. No idea of the caliber of production can 
be deduced, and, in particular, beds which give the criteria for (a), or (b), or (c) 
may be found barren. The electrical logs are no guide at all to the fluid content 
of nearly 2,000 feet of possibly oil-bearing formation. As a result, therefore, 
much time and money unavoidably have to be spent in perforating and testing 
zones which turn out to be poorly productive, but which we dare not abandon 
without a test. The problem has been under frequent discussion and we are still 
experimenting with variations in electrode spacing and mud characteristics in 
attempts to overcome it. 

Paraffination.—There are very few flowing wells and most of the wells pro- 
duce by gas lift. The high pour point of most of the Digboi oil,g5° F., is a sufficient 
indication that one of the great problems of production has been paraffination. 
Attempts to prevent paraffination have not been successful, and we have come to 
regard it rather as a necessary evil, devoting our attention to improving methods 
of removing the paraffine which is deposited. In most wells regular running of a 
suitable scraping tool keeps the tubing fairly free from wax without interfering 
with production, and where this is done in a flowing well a somewhat elaborate 
arrangement of a chamber and stuffing box is required above the flow string. 
Pulling tubing is a troublesome job, and in order to clear the wax it may be 
necessary to blow steam through the tubing. The extra attention that is needed 
is a serious item in production costs, and in an endeavor to reduce the frequency 
of work on producing wells, and the loss in production from repeated shut-downs, 
the strings of tubing used have been larger than would ordinarily be necessary. 

There is the obvious danger of paraffination of the sand face inhibiting the 
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flow of oil into the hole. When production has declined to a low level, wells 
producing from the Bappapung sandstone group benefit greatly from soaking 
with kerosene. Production has been increased as much as 500 per cent and in- 
creases of 100-200 per cent are common. The treatment has not proved so suc- 
cessful with the less porous and permeable ranges of the Nahor and Digboi oil 
sand groups. 

Sand trouble-—In the early days much trouble was experienced from the sand- 
ing of producing wells and this was overcome only by the substitution of screened 
for perforated liner. The slots in common use are 0.040 inch wide, but even these 
are too wide for some of the Digboi oil sand group, some of which cave overnight, 
plugging the liner with sand of grain size about 0.01 inch. Wire-wrapped screen is 
now used where this trouble is anticipated, but the difficulty is to decide before- 
hand just where it will be required. 

Crooked hole-—Among drilling difficulties, the steep dips caused much crooked 
hole in the early days. As early as 1924 it was realized that a hole could be drilling 
very crooked without the driller being aware of it, and a simple inclinometer was 
then developed at Digboi for use in rotary wells, recording deviations of 20° and 
even more. 

Loss of circulation.—Severe losses of circulation occur in certain sands. In 
some parts of the field these occur while drilling through the non-productive 
sands of the Hansapung sandstone and Bappapung sandstone groups. The 
trouble used to be dealt with by attempting to plaster off the offending zone by 
adding bagasse (crushed sugar cane), paddy husks, or more recently, mica and 
cement to the drilling mud. In present practice, a light mud is used, approxi- 
mately 72 pounds per cubic foot, but the difficulties of producing such a mud 
from local clay sources with good wall-building properties have yet to be com- 
pletely overcome. Despite all precautions, much good mud may be lost before a 
troublesome 50-foot zone can be penetrated. 

In some parts of the field severe losses of circulation occur in the lower pro- 
ductive beds of the Digboi oil sand group. They are almost certainly due to the 
presence of more than normal fissuring, related either to the proximity of the 
Naga thrust or to the alignment of the structure making a sharp bend. These 
losses are a more serious problem and in some wells it has been possible to drill 
through the zone only with the loss of many hundreds of barrels of mud. It is not 
known what effect these losses have on the productivity of the sand. It is thought, 
however, that a zone which will so easily take mud, will just as easily flush itself 
clear of mud when brought to production. At the same time it is an expensive and 
undesirable business. The use of plastering materials must, of course, be avoided, 
and it is necessary to rely on suitable low-weight muds. Possibly the ultimate 
solution is to be found in the use of oil-base or emulsion-type muds. 

Sticking of pipe-—A factor which has influenced completion policy is the 
difficulty of withdrawing a liner once it has been run into a hole for a production 
test. Consequently, it has been necessary first to drill and case a well to final 
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objective; it has not been possible to drill ahead by short stages, testing as the hole 
deepened. This is not of such importance now that it is possible to cement a plain 
liner and test stage by stage through bullet perforation, but it was a great handi- 
cap in earlier days. The policy was to run 5?-inch liner into 93-inch hole, and even 
a short length run in for a test was almost certainly there permanently. The 
cause is probably the rapid influx and settling of sand around the liner once the 
mud has been removed from the hole. When drill-pipe is twisted off while drill- 
ing through a zone of lost circulation, there is a similar danger that the reduced 
head of mud will permit sand to settle around the fish and cause it to stick. 
There is no particular evidence that liners or drill-pipe tend to stick in a hole 
which is kept full of good mud. Fishing jobs ordinarily are not difficult, and rat- 
hole formation tests are frequently made but rarely give any trouble. 

Migration of oil.—In conclusion, we may perhaps speculate briefly on the 
mode of accumulation of the oil in the Digboi structure. It is generally agreed 
that the oil came from the underlying Barail rocks. Whether they provided the 
actual source rocks is not yet clear; they may only have been a temporary resting 
place for the oil on its journey. They do, however, include carbonaceous shales, 
the organic contents of which under suitable conditions may have been trans- 
formed into petroleum, just as under other conditions the prevailing vegetable 
matter was transformed into thick deposits of coal. Throughout Upper Assam 
the Barail is characterized by oil showings. On the contrary, the Tipam sand- 
stones include nothing remotely suggestive of source material. They are a series 
of medium- to coarse-grained sandstones, with mottled clays, remarkably free 
from organic material of any kind. The rocks of the Surma series in this area are 
also unpromising as source rocks. Oil showings in these two series, although 
plentiful in some places, are more restricted in distribution. 

Digboi is an area where: (1) the reservoir rocks of the Tipam series were 
folded into a suitable anticlinal trap; (2) the Surma series is absent, and move- 
ment of oil from the underlying Barail was facilitated by migration upward 
“through the hole in the roof” into the trap; (3) the anticline has been preserved 
and is not deeply eroded, as are other Assam folds from which most of the oil 
has probably escaped; and (4) the Naga thrust is present to assist in the migra- 
tion of oil from the Barail to the Tipam; but it is not clear to what extent this 
channel, up which the oil could flow, was fundamentally necessary. 
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In the stratigraphy of southeastern Turkey the Paleozoic is represented by more than 2,000 
meters of Cambro-Ordovician composed largely of micaceous sandstones, some siliceous limestones 
and pyroclastics in the region of Telbesmi, west of Mardin, and by limestones and marly limestones 
of Permo-Carboniferous age in the eastern part of the area. The basal quartzitic part of the latter 
contains forms suggesting Upper Devonian age. The Permian underlies the Triassic without an un- 
conformity. The Mesozoic section, which is principally calcareous, maintains that facies to the middle 
of the Cretaceous. The Upper Cretaceous is composed principally of argillaceous shales which con- 
tinue into the Paleocene. The lower part of the Eocene is arenaceous, but the Lutetian is an exten- 
sively developed thick limestone. The upper part of this limestone is chalky and soft. This latter part 
is considered upper Eocene and may extend even higher. The Miocene is represented by siliceous 
and gypsiferous limestones and shales. The very extensive development of the Pliocene in the con- 
tinental facies suggests similarity to the Bakhtiari series of Iraq. 


For the purposes of this discussion the boundaries of the area are delineated 
as follows: Syria and Iraq in the south, Iran (Persia) in the east, a line passing 
through Pervari and Shirvan to the Euphrates in the north, and the Euphrates 
River in the west. Of the five tectonic units into which Turkey has been divided 
the two, namely, the Foreland zone and the Iranides, are wholly or partly repre- 
sented in the area (1, 3, 5). The country is generally mountainous and only near 
the Iraq-Syrian frontiers is the topography rolling or flat. The elevation of the 
Plains area, on the Turkish side of the boundary, is approximately 500 meters. 
But as one travels north or east one crosses higher and still higher ranges, reach- 
ing altitudes between 3,000 and 4,000 meters in the east and 2,000-3,000 meters 
in the north. The Cilo Mountains west of Gevar (now called Yiiksek Ova), with 
the Resho at 4,160 meters (13,644 feet), have the third highest peak of Turkey. 

The oldest rocks of the region are considered to be the quartzites and mica 
schists found in the undifferentiated Hakari complex. Studies in the Pervari 
region disclosed some mica schists and quartzites below the Permo-Carboniferous. 
The Cambro-Ordovician section of Telbesmi contains in its lower parts highly 
indurated sandstones and felsites which have been referred to the Algonkian. 


PALEOZOIC 


At Telbesmi west of Dirik in the Vilayet of Mardin pre-Cretaceous intrusives 
cut ancient-looking sedimentary rocks. The Mardin anticline, which exposes 
Turonian limestone in that locality, rises westward bringing the lower parts of 
the Cretaceous to view in the precipitous scarps near Dirik. At Telbesmi a fault 
brings to the surface a thick section of sandstones, marls, limestones, conglomer- 
ates, quartzites, and felsites totaling 2,285 meters. The section is separable into 
the following units, starting from the top. 


1 Manuscript received, September 27, 1948. 
2 M.T.A., Petrol. Grubu. 
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Coarse- and fine-grained light gray sandstones with trilobite fragments ; 
155 Transition series. Micaceous marls grading upward into sandstones. Near bottom, reddish 
gray marly limestone. Glauconitic and calcareous sandstones in upper part contain trilobite 


fragments 
195 Hard siliceous bluish dark gray limestone with both concretionary and vein chert. Sand- 


stones near base 
430 Cross-bedded sandstones, pinkish at top, cream-colored in middle, and dark red below 
45  Thin-bedded reddish sandstones and greenish conglomerates with subordinate development 


of argillaceous marls 
60  Thin-bedded, dark gray, hard, metamorphosed limestone with thin-bedded sandstones and 


red chert 
55 Red and green conglomerates with large angular volcanic pebbles. Sandstones with red 


and green speckles 
110 Metamorphosed sandstones with dark reddish quartzites and igneous apophyses 
645  Felsites, vesicular basalt, dark hematitic sandstones. Base not observed 

H. F. Moses refers to this section as pre-Carboniferous but other geologists 
have considered it Cambro-Ordovician. 

In the region of Harbol, near the Iraq boundary, the Paleozoic was first noted 
independently by Shirley Mason (9) and Djevad Eyoub (4). Subsequent work by 
Maxson, Foley, Blumenthal and Erk, and others not only has confirmed the 
presence of the Permo-Carboniferous in this area but also the presence in the 
section of undoubted Triassic above and probable Devonian below. The Paleozoic 
section of Harbol, which is nearly 600 meters thick, has at its base brown quartzi- 
tic limestone with a small amount of shales and thick- and thin-bedded dark gray 
conchoidal argillaceous limestone above. The latter contains Productus semiretic- 
ulatus, P. gigantus and Fusulinella sp.?. The thin-bedded limestones above, with 
a thickness of 250-300 meters and containing Mizzia velebitana, Productus horridus, 
and Derbyia armenica, are referred to the Permian. These beds, without showing 
an unconformity, enter into the Lower Triassic (Werfenian). 

About 25 kilometers south-southeast of Hakari, between the villages of Nebaf 
and Kunderes, along Han Creek flowing east from Giri Dag, a thick section com- 
posed principally of quartzites underlies the Lower Triassic. The name of Giri 
quartzite was adopted by J. H. Maxson for this section. Though no fossils were 
found, the formation is conceded to be Paleozoic. It contains 200 meters of 
reddish brown quartzite underlain by 250 meters of thin-bedded dark ocher- 
colored quartzite. Below these are 75 meters of green argillite and 25 meters of 
dark gray and white limestone. The base has not been observed. 

In Pervari, unconformably overlying the mica schists, is a calcareous section 
containing Fusulinidae which can not be precisely identified because of their 
crystallized condition. The section has been referred to the Permo-Carboniferous. 

In adjacent Iraq and Iran the development of the Paleozoic has been described 
by Lees (7, 8) in the Bakhtiari Mountains 150 kilometers east of the Mesdjidi 
Suleyman oil fields. Here, a section 2,000 meters thick, composed of red sand- 
stones in the upper part with reddish and greenish shales and dark dolomites be- 
low is referred to the Cambrian, and the quartzites above with thin-bedded green 
and dark shale intercalations are considered Devonian. Also in the Bakhtiari 
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Mountains, brown calcareous sandstones of Westphalian age underlie a calcare- 
ous series. This Permo-Carboniferous section passes into the Triassic without a 
break. The similarity in the development of both the Cambrian and the Devonian 
in Iran to the Telbesmi and Harbol sections in Turkey, and the transitional pas- 
sage from the Paleozoic into the Triassic in both countries are noteworthy. 

At El Gara Mountains, 375 kilometers west of Bagdad, in Iraq, Paleozoic 
rocks range from the Devonian to the Permian. In Syria at Cebel Abdiilaziz, 
Dubertret mentions the presence of Lower Carboniferous (Tournaisian).* 
Both Cebel Abdiilaziz and El Gara are directly south of Telbesmi. Frederick G. 
Clapp (2) referred to the Cambrian along the eastern shore of the Dead Sea. 


MESOZOIC 


In this area rocks of Triassic, Jurassic, and Cretaceous age have been deter- 
mined. The lower part of Mesozoic, from Triassic to Middle Cretaceous, is com- 
posed largely of limestones and dolomites, whereas the Senonian and Maestrich- 
tian are in the argillaceous facies, being composed of clay shales and marls. 
Hence, lithologically the Mesozoic may be separated into upper and lower 
divisions. 

LOWER MESOZOIC 

In the region of Harbol the Permian and Lower Triassic (Werfenian) are con- 
formable. J. H. Maxson observed the presence and the great extent of the Tri- 
assic at Goyan in 1936, and gave the name of Goyan formation to a section com- 
posed, with the exception of 20 meters of chocolate shales, entirely of limestone. 
This formation can readily be recognized in the field both lithologically and 
faunally. Arni and Stchepinsky determined Pseudomonotis clarai and Myophoria 
ovata from the Maxson and Blumenthal collections brought from Goyan. Yellowish 
bands of marly limestone give a characteristic appearance to this formation when 
observed from a distance. The section contains a small amount of greenish sand- 
stone with glauconite. 

Above the Goyan formation generally dark dolomitic limestone is 600-700 
meters thick. It emits a fetid odor on fresh fracture. This formation is well devel- 
oped in the Tanin Tanin Mountains at Hilal and Chemheski and is given the 
name of Tanin Tanin. The presence of Halobia halorica suggests a resemblance to 
the Ladinian and Norian of the eastern Alps. This formation which is undoubtedly 
Triassic in age in its lower parts includes the Jurassic and probably even the 
Lower Cretaceous in the upper part. It covers large areas east of the Tanin Tanin 
Mountains. The corresponding section at Harbol has been measured from top 
to bottom as follows. 


Thickness 
(Meters) 
830 Limestones. Dark gray or black in lower part and light gray in upper 
115  Fine-grained gray-weathering brown limestones with dark shale intercalations 


3T.P.C. geologists have come to the conclusion that the presence of the Carboniferous at Cebel 
Abdiilaziz is due to submarine landsliding during the Mesozoic. 
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40 Dark reddish shale with greenish gray hard shale and quartzite intercalations 10-30 centi- 

100 er section of thin (2-5 centimeters) gray and pinkish gray beds with Lower 

Triassic fossils emitting fetid odor on fresh fracture. Immediately above Permian 

From the top of the Permian to the base of the Senonian, Germav shales, 
averaging in thickness 1,000 meters, occur in the Harbol-Shirnak area. A well at 
Gerciish, beginning from the top of the massive Turonian limestone, penetrated 
635 meters of limestone without reaching the base. The thinning of the section 
toward the west may be expected. This section, which from the Triassic to the 
Middle Cretaceous is largely in the limestone facies, has a similar characteristic 
on the other side of the boundary at Seramadiye and north of Zaho, and a com- 
parable thickness of goo—g50 meters. 

A fault near Shirish, between Drahini and Goyan, extending northwest and 
southeast, brings to the surface massive dark gray limestone with calcite veins. 
It has a thickness of 150 meters, the upper third of which is in bands one meter 
thick. At the top, which is dolomitic, the Goyan formation is found without any 
unconformity. In the Harbol region the same conformable relationship between 
the Permian and the Mesozoic has already been noted. The passage from the 
Paleozoic into the Mesozoic without a break in Iran has been mentioned by Lees 
(7) and others. Some geologists have been tempted to find a hiatus on the 
Turkish side of the frontier, but careful work has indicated that there is no 
sound reason for this supposition and the local evidences obtained point rather 
to a possible break between the Triassic and Jurassic instead of a hiatus be- 
tween the Paleozoic and Mesozoic. 

The uppermost part of the thick Mesozoic section is observed at few places 
west of the Tigris and Bohtan rivers, but it has an extensive development 
east of these rivers. One of the areas in the west is at Mardin where the massive 
limestone with Hippurites gosaviensis and H. cornu-vaccinum has been referred 
to the Senonian. But, on the basis of certain Orbitoides and Amphalocyclus which 
occur at the boundary between the Senonian and Turonian in Egypt, Tromp has 
considered this formation as Turonian. These forms are found at the top of the 
massive limestone and in the marly intercalations overlying it. The Turonian 
age is generally accepted in Turkey for the upper part of the massive limestone 
which we are calling Mardin limestone because of the very good exposures in that 
locality and also because this formation was studied there first. Besides the 
Hippurites mentioned, Radiolites, Caprina, and Inoceramus have been found in 
the upper parts cf the limestone. More than 300 meters of the upper part of the 
Mesozoic limestone crops out at Mardin. 

Overlying the massive Mardin limestone, flaggy beds composed of intercalation 
of shales, marls, and limestones, and containing Inoceramus balticus, transition- 
ally pass upward into the Germav shales. Louise Jordan has described the fauna 
of these transition beds from Gerciish as follows, from top to bottom. 


Flaggy beds Inoceramus balticus 
Ammonites 
Cyclolites 
Orbitoides 
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Orbitoides bed Orbitoides media 
O. apiculata 
Siderolites vidali 
Rotalia 
Globigerina 
Cibicides 

Mardin limestone Orbitoides sensu stricto 
Rudistid 
Cyclolites 
Gastropods 

The transitional flaggy beds which may be referred to the Campanian thin out 
and disappear toward the east. At Kérkandil Dag, east of Bohtan Su, a 20-meter 
conglomerate and nodular sandstone bed overlies the massive Mardin limestone. 
The interval between the Mardin limestone and the Germav shales is thus 
represented by continental deposits, indicating a condition at the end of the Mar- 
din limestone deposition during which the induced porosity of this limestone, 
as in Raman Dag, assumably developed. The Mardin limestone at this locality 
has been eroded to the Hippurites vesiculosus zone. 

North of Cudi Dag, near Kirandul, the relationship between the massive 
Mardin limestone and the overlying Germav shales is also marked by a hiatus. 
Immediately above the limestone the transitional beds are lacking, and we find 
instead the Germav shales with Pachydiscus isculensis and Neithea quinquecostata. 
The Mardin limestone contains Hippurites loftusia and H. vesiculosus. The time 
of the transgression was apparently during the Campanian. The serpentine 
intrusions at Minar, west of Siirt, are post-Turonian and probably Campanian 
in age. 

The flaggy beds pass upward into the argillaceous Germav shales in the Ger- 
ciish part of the area without a break. However, the wells at Raman Dag show 
a 40-50-meter bed of red and green arenaceous marls which correspond with the 
flaggy beds of the Mardin and Gerciish areas. 

The overlying Germav shales have an average thickness of 800 meters at 
Raman, goo meters at Kerbent, and 700 meters at Basbirin. The upper part is 
arenaceous in some sections but otherwise it is composed entirely of marls, 
shales, and clay shales. The formation is Senonian in its lower part and Paleocene 
in the upper. There is no observable lithologic difference to the naked eye, where 
the Cretaceous passes into the Paleocene, and the micropaleontological evidence 
is invariably the sole criterion. It has been the custom to consider the presence of 
some or all of the following as an index for the Cretaceous: Globotruncana, 
Giimbelina (large ones, left over o.2 mm. mesh), Bolivina incrassata, and Pseudo- 
textularia. The last two apparently have a very wide range as they are used as 
an index for the Cretaceous in Texas also. The Germav shales in the region of 
Beytushebap are found metamorphosed into a schist as a result of the severe 
local thrusts. 

TERTIARY 


The passage of the Cretaceous into the Tertiary as noted is transitional. The 
part of the Germav shales above the Globotruncana marker is considered Paleo- 
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cene and lower Eocene. This and other markers cease to exist in the wells and 
we begin to find Globorotalia and Textulariella instead. In the field, however, the 
sandy glauconitic bed in the upper part of the Germav is used as the beginning 
of a new sedimentation condition and is believed to indicate the passage from the 
Cretaceous into the Paleocene. 

The reddish gypsiferous beds above the Germav are primarily sandy with marl 
and limestone intercalations. This formation is known as the Gerciish formation. 
In the type locality which is at Gerciish, 20 kilometers north of Midyat, the sec- 
tion begins with a calcareous member, is followed by a fairly thick reddish mem- 
ber, and is topped with gray and yellowish marls. It has an average thickness 
of 250-300 meters, thinning out east of the Tigris as well as toward the west near 
Mardin. Southeast of Beytushebap the middle Eocene Midyat limestone is found 
directly overlying the Germav series. Near Siirt and Harbol, the Gerciish forma- 
tion contains conglomerates and gypsiferous marls. Apparently there was a 
regression of the sea during this period in this region. Because of the reddish 
color, the presence of gypsum, and its extensively sandy character, the Gerciish 
formation has been considered a continental deposit. However, in the Ramon Dag 
area the Gerciish formation contains marine fossils in the limestone intercalations, 
indicating oscillation of the sea shore. At the end of the Cretaceous when the sea 
with an uneven floor began to recede, topographically high places emerging first 
gave an opportunity for the development of the conglomerates and sandstones, 
with less elevated parts remaining below sea-level, bringing about the irregular 
distribution of the marine intercalations in an otherwise mainly continental 
deposition. 

The calcareous intercalations of the Gerciish formation contain Nummulites 
parvulus, N. praelucasi, N. burdigalensis, and Lockhartia, which assemblage 
indicates the upper part of the lower Eocene in this region. Above the reddish 
member of the Gerciish formation and below the Midyat limestone the cream- 
colored marls contain Rotalia trochoidiformis and Lockhartia condittt. 

In the region of Urfa, the equivalent of the Gerciish formation is in the facies 
of a white chalky marl 350 meters in thickness and containing lower Eocene 
macrofossils and microfossils. 


MIDYAT LIMESTONE 


Near Midyat light yellowish marly chalky limestone is developed extensively 
in southeastern Turkey, being the surface formation of many of the high moun- 
tains of the area. It has a soft marly upper part and a cliff-building, hard, massive 
lower part. Besides some echinoids which have been found to serve as a very 
satisfactory local index at Raman Dag, Nummulites, Orthophragmina, Oper- 
culina, Assilina, and Miliolidae are found. Its outcrop at the Kasrik Gorge, near 
Cizre, where the entire section is standing nearly vertical, gives the geologist 
a very good opportunity not to study the Midyat limestone alone but also its 
relation to the upper and the lower formations. It is equally well exposed at 
Raman Dag and in the Gerciish valley. It has a thickness between 300 and 400 
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meters. The wells in the higher topographic part of Raman Dag structure pene- 
trate an average of 270 meters of Midyat limestone, whereas at Basbirin the well 
logged 360 meters of limestone before reaching its base. The different results are 
due to the fact that the wells start from different horizons of the formation. 
At the Basbirin well the Midyat limestone had the following characteristics from 
top downward. 

Thickness 

(Meters) 

167 Light gray cream-colored limestone with Nummulites, Alveolina, Miliolidae 
55  Non-fossiliferous dolomitic limestone 


22 Light gray fossiliferous limestone 
116 Dolomitic and marly limestone 


At Bikat, east of the Bohtan and Tigris rivers, Arni found the following forms 
in the Midyat limestone: Nummulites lavigatus, N. burdigalensis, N. subaticus, 
N. gallensis, Assilina spira, Gypsina globulus, Flosculine, and Alveolina. Near 
Mardin the Midyat limestone appears to have thinned out. Farther west, between 
Urfa and the Euphrates River, it may be compared with the cream-colored 
chalky middle Eocene limestone which has an average thickness of 250 meters 
in that area. 


MIOCENE 


In this area the Miocene is in the chalky facies near Urfa, as gypsiferous and 
varicolored marls and sandstones near Osmaniye, in the gypsiferous limestone and 
limestone form around Siirt, and principally continental east of Cizre, near the 
Iraq boundary. 

Near Urfa, a section of white, yellowish, pinkish limestone 80-100 meters 
in thickness, and rich with Operculina, locally is known as Operculina limestone. 
Besides Operculina, the formation contains Heterostegina, Lepidocyclina, and 
Spiroclypeus. 

At Osmaniye, 60 kilometers northwest of Diyarbakir, the Hushut basin con- 
tains gypsiferous sandstones and reddish greenish marls overlying the white 
limestones seen at Malikan. In the Malikan limestone, Chaput found the follow- 
ing forms: Miogypsina inflata, Amphistegina radiata, and Lepidocyclina. He 
considered the limestone as Burdigalian and the overlying gypsiferous series as 
Vindobonian, comparing them with the Asmari limestone and the Fars series of 
Iraq and Iran. 

The Miocene near Beshiri and Siirt is composed of a gypsiferous series below 
with a limestone above, just the opposite of the situation cited for the Hushut 
basin. The limestone above is pinkish, brecciated, coral limestone with opaline 
structure and is 100 meters thick. It is called the Garzan limestone. The lower 
gypsiferous series is composed of three parts. At the top are pinkish marls with 
gypsum 150 meters thick, followed by a 25-meter bed of massive limestone, and 
at the base are thick gypsum beds wjth minor limestone intercalations. In the 
Garzan limestone, near the bridge across the Garzan stream, a rare specimen has 
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been found which has been determined as Heliastraea deferanci, indicating Miocene. 
The Midyat limestone underlies the Miocene section without an apparent break. 

At Tur Abidin Mountain, north of Nusaybin, and at the Kasrik Gorge the 
Lutetian Midyat limestone appears to go higher in the section, containing forms 
younger than Eocene, even Oligocene. At Cebel Ebyaz, and near Kufuh east of 
Hezek, from a collection of ten samples from the upper part of the so-called 
Midyat limestone, four have shown Miocene characteristics. The Midyat lime- 
stone at the Kasrik Gorge, measured to be 840 meters thick, apparently also 
extends up to the Burdigalian. This situation of the Eocene Midyat limestone 
extending to the lower Miocene needs further study. It may be helpful to remem- 
ber that though the Asmari limestone in Iran is lower Miocene, the assumably 
equivalent formation producing oil in Iraq has been found to be Oligocene and 
Eocene in age. 

PLIOCENE 


The Garzan limestone is overlain by shales, sandstones, and conglomerates. 
At the foot of the Bitlis Mountains, from Ziyaret to Koh, this section is found 
to have fairly steep dips. Here, its minimum thickness is 800 meters. Along the 
Hizil Su, separating Turkey from Iraq, the same formation attains a thickness of 
several thousand meters. Near the base some lignite beds are found. The section 
appears to be the counterpart of the Bakhtiari across the boundary in Iraq and 
Iran. 
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FRACTURED RESERVOIRS OF SANTA MARIA 
DISTRICT, CALIFORNIA! 
LOUIS J. REGAN, JR.,2 anp ADEN W. HUGHES* 
Bakersfield and Santa Maria, California ‘ 
ABSTRACT 


Cumulative production of the Santa Maria district to January 1, 1947, was 250,637,000 barrels, 
of whichanestimated 77 per cent was from fractured rocksand 23 per cent from oil sands. Seventy-four 
and one-half per cent of the oil was produced from fractured rocks in the Monterey formation and 
2 per cent from fractured Knoxville sandstones. Monterey fractured rocks in order of importance 
include (1) Mohnian cherts, (2) Luisian calcareous shale, and (3) Mohnian platy siliceous and porcel- 
laneous shale. The distribution, age, and character of fractured zones are illustrated by stratigraphic 
sections. The distribution of maximum chert development suggests chert originated as a sedimentary 
facies. General characteristics of potentially productive fractured rocks of the district are analyzed 
and their permeabilities and porosities, as indicated by production data, are di : 


INTRODUCTION 


The Santa Maria district produced 250,637,000 barrels of oil to January 1, 
1947. In all, 192,000,000 barrels, or 77 per cent was produced from various types 
of fractured rock and only 23 per cent was produced from sand. The district offers 
a classic example of production from fractured rocks and a fertile field for the 
study of types and characteristics of rocks which are potentially fractured. 

Figure 1 illustrates the stratigraphic position of the types of reservoirs in the 
district and the economic importance of each. 

The stratigraphic position of oil sand zones is indicated by Column 1. 

Column 2 portrays the position of fractured shale reservoirs, a group of zones 
which has produced 74.2 per cent of the oil. Fractured shale zones are productive 
in all fields of the district. 

Column 3 illustrates the stratigraphic position of fractured sandstone zones. 
These include (1) fractured calcareous sandstones of the Point Sal formation, 
productive to a very minor degree at the east end of the Santa Maria Valley 
field, (2) fractured calcareous sandstones of the Lospe, productive in the Arrel- 
lanes pool of the Casmalia field, and (3) most important, fractured calcareous 
sandstones referred to the Knoxville‘ formation and productive in the north- 
central part of the Santa Maria Valley field. The last two sandstones are older 
than known local source beds. The accumulation of oil in these rocks is similar to 
the fractured basement accumulations in other districts. These zones have pro- 
duced 2.4 per cent of the oil in the Santa Maria district. 

Some of the characteristics of fractured zones in the district are as follows. 


1 Read before the Pacific Section at Pasadena, California, November 6, 1947. Manuscript re- 
ceived, August 26, 1948. Published by permission of C. M. Wagner, General Petroleum Corporation, 
and L. N. Waterfall, Union Oil Company of California. Credit is due A. J. Taylor, Santa Maria, 
California, for the photography. 


? Geologist, State Exploration Company, Bakersfield. 
3 Paleontologist, Union Oil Company of California, Santa Maria. 
‘ In this article, Knoxville is used tentatively in correlating these sandstones. 
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Fic. 1.—Producing zones of Santa Maria district. 


1. Potentially fractured reservoirs, meaning zones most susceptible to frac- 
turing, are composed of very brittle, hard, generally conchoidally fracturing 
rocks. These rocks include in order of importance: (1) chert, (2) calcareous shales 
and shells, (3) platy siliceous shale, and (4) sandstones. It appears that the 
harder and more brittle rocks have better potential development of secondary 
porosity and permeability by fracturing. 

2. Productive fractured rocks commonly exhibit favorable reservoir character 
on the self-potential curve of an electric log. The amount of relief shown by the 
curve can not be taken as an index of productivity of a well, but a very flat self- 
potential curve indicates either a tight, poorly fractured zone, or one in which 
the fractures are sealed by tar. The resistivity of a fractured zone in this district 
is generally high on all curves regardless of fluid content because of the dense 
character of the rock. 

3. Indications of oil when drilling and coring potentially productive fractured 
reservoirs are unimpressive. Core recovery is commonly poor and may be limited 
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to a few fragments. Most of any oil present is washed away or driven out of the 
core into the formation by the drilling fluid. Showings generally are limited to a 
little free oil on the fracture planes and in the drilling fluid. Some cores in 
tight or only incipiently fractured zones show more indications of oil than cores 
in well fractured zones. Ditch cuttings from productive, fractured intervals are 
commonly oily. These factors are useful in determining the presence of oil, but 
obviously are not a key to the development of porosity and permeability. 

4. The drilling rate is not a reliable indication of porosity and permeability, 
because of fracturing. Commonly a fractured zone is drilled slowly and many bits 
are required because of the abrasive character of the material. 

5. The most reliable evidence of favorable reservoir qualities in a fractured 
rock is the loss of drilling fluid. The converse of this statement is not true, be- 
cause many prolific wells have been drilled in such zones without appreciable 
loss of fluid. The loss of fluid in some places has been extreme and as much as 
30,000 barrels of fluid have been pumped into the formation. Wells in which 
circulation was lost are characterized by very high initial production rates. 

Formation tests may be useful in evaluating the reservoir character of a 
fractured zone where the oil is not too heavy and viscous. In heavy-oil areas, 
recovery of water from a formation test would be conclusive, but the absence of 
water may not give a reliable indication of the productivity of a zone. In the final 
analysis, the evaluation of a potentially productive fractured reservoir requires 
production tests of some duration. 


MONTEREY FRACTURED ZONES 


The Monterey fractured shale zones indicated in Figure 1 are classified and 
described in order of economic importance: (1) chert zones, (2) calcareous shale 
zones, and (3) platy siliceous and porcellaneous shale zones. 

1. The chert zones are confined to the Mohnian stage. The character, develop- 
ment, and age of the chert in this stage are variable, and a generalized description 
of the zones can best be accomplished by the use of three type sections: (A) the 
Santa Maria Valley field, (B) the West Cat Canyon field, and (C) the Lompoc 
field. 

A. The Santa Maria Valley chert is upper Mohnian in age and occupies the 
“cherty zone” and part of the “bentonitic brown zone” of local terminology. 
It consists of interbedded brown opaline chert and brown and black siliceous shale 
with rare streaks of light gray to white opaline chert in the lower part. The actual 
percentage of chert has not been determined because of poor core recovery, but 
chert is estimated to comprise an average of less that 50 per cent and locally as 
low as ro per cent of the section. The appearance of an unfractured part of a 
typical core in the Santa Maria Valley chert is illustrated by Figure 2 which shows 
the dark brown banded appearance of the Santa Maria Valley type chert. 
Figure 3 shows the fractured light gray to white opaline chert and siliceous shale. 

B. The West Cat Canyon chert is lower Mohnian in age. This section shows 
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greater values on electric logs and larger amounts of chert in ditch samples than 
the other type sections. Figure 4 illustrates part of a core from the fractured 
chert zone at West Cat Canyon. The West Cat Canyon chert section consists 
of interbedded dark brown to black siliceous shale, gray white and black opaline 
chert, buff phosphatic shale, and lentils of very massive buff siliceous limestone. 
Opaline chert appears to comprise 50-60 per cent of the lower Mohnian section 
at West Cat Canyon, based on counts of chert fragments in ditch samples. The 
amount of siliceous limestone in the lower Mohnian has not been determined. 
It is gray-brown to buff in color, massive, very hard, and in cores is generally 
moderately fractured. Oil is contained in small solution cavities in rocks of this 
type, as indicated by Figure 5, and secondary permeability of this type may be 
locally important. 

C. In the Lompoc field, chert is in both the upper and lower Mohnian, and 
a complete section of Monterey is present. A thin zone of brown shale is present 
at the top and is underlain by three fairly distinct cherty members. The lowest 
chert member is similar to the Cat Canyon chert with which it is correlated. The 
upper two cherty members are believed to be upper Mohnian in age and equiv- 
alent to the Santa Maria Valley chert, but are lithologically dissimilar to other 
sections. For the purpose of this paper, the two upper cherty members are called 
the Lompoc type cherty shale. 

The Lompoc type cherty shale consists of go-95 per cent thin-bedded, brown 
siliceous shale, with rare thin lenses of white and brown opaline chert and buff 
siliceous limestone. The lower part consists of gray to light gray siliceous to 
porcellaneous shale interbedded with light gray and white opaline chert, with 
chert more abundant. 

2. The calcareous shale type of fractured zone is in Luisian rocks in much 
of the district, and consists essentially of brown silty phosphatic shale with inter- 
beds of calcareous shale and limestone. The calcareous streaks give large values to 
the resistivity curve and relatively small throws on the self-potential curve of 
electric logs. This interval is in places identified as chert on the basis of electric 
logs, but ditch samples and cores indicate little or no chert in the zone. The rela- 
tive importance of these rocks is not known because of the absence of selective 
tests, but cores in the zone at favorable structural position show oil. The interval 
is open in many structurally high field wells. 

3. Platy siliceous and porcellaneous shales are of minor importance as 
fractured reservoirs. These shaly members of the upper Mohnian are sufficiently 
fractured to be productive in the Santa MariasValley, Casmalia, Orcutt, and West 
Cat Canyon fields. The permeability in this type of material is generally not suffi- 
cient for commercial production of the typical heavy Santa Maria crude. Lighter 
oil of the Orcutt area has been successfully produced from this type of fractured 
zone in the newly discovered Four Deer area. The distribution, variations, and 
limits of types of Monterey fractured zones are illustrated by stratigraphic section 
(Figs. 7-11). The locations of the sections are shown on the index map (Fig. 6), 
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which also indicates the position of the Santa Maria oil fields and structure con- 
tours on the base of the Pliocene in the fields. The Monterey basin is delineated on 
this map. The areas considered as positive or nearly positive during Monterey 
time are the following. 


1. Nipomo Mesa north and northeast of Santa Maria Valley field 
2. Basement ridge in the vicinity of East Cat Canyon field 

3. La Laguna basement high east of Gato Ridge field 

4. Santa Ynez uplift which marks south limit of Santa Maria basin 
5. Point Sal uplift 


Stratigraphic section AA’ (Fig. 7) is an approximately west-east section from 
the Point Sal positive area through the center of the district to the basement 
ridge in the East Cat Canyon area, a distance of 17 miles. Monterey type sec- 
tions of the Casmalia, Orcutt, and Cat Canyon fields are shown in section AA’. 
The character and age of Monterey fractured zones are fairly uniform east 
and west through the center of the district. This is well indicated by an electric- 
log correlation, although the distance between wells is great, and also by the 
position of the top of the lower Mohnian. The chert in this part of the district 
is mainly the lower Mohnian Cat Canyon type or type 1-B. This chert is thickly 
developed in the West Cat Canyon field, thins across the Orcutt structure, 
and reaches maximum development in the Casmalia field. The chert thins north- 
west of the Casmalia field, approaching the Point Sal positive area. Thin stringers 
of the upper Mohnian Santa Maria Valley type chert, type 1-A, appear in sections 
at Orcutt and West Cat Canyon. 

The Luisian calcareous shale fractured zone, type 2 of the present classifica- 
tion, is well developed in the area of this section. The electric-log character 
of this zone is similar to the chert zone, with somewhat more subdued throws on 
the self-potential curve. Few isolated tests have been made of this zone. 

Platy siliceous shale 200 feet above the chert zone, and described under type 3, 
has a somewhat permeable electric-log characteristic. This zone is productive in 
the Orcutt field, and reportedly produces a small amount of heavy oil in the 
Casmalia field. 

The relatively simple stratigraphy and rather uniform distribution of frac- 
tured zones shown by the west-east section are in contrast to a more complex 
pattern exhibited by north-south diagrammatic sections. 

Stratigraphic section BB’ (Fig. 8) is the most westerly of the north-south 
sections, and extends from the west end of the Santa Maria field through the 
Casmalia field to the Lompoc field, a distance of 14 miles. The most northerly log, 
No. 1 on the section, is representative of a well developed chert section of the 
Santa Maria Valley type, or type 1-A. The chert is progressively overlapped 
toward the north by Pliocene Sisquoc. The second log on the south, No. 2, shows 
the same type of chert in the upper Mohnian 2.5 miles south of the Santa Maria 
Valley field. The lower Mohnian has not been penetrated in this area. The upper 
Mohnian type 1-A chert is replaced in the Casmalia field by moderately fractured, 
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Fic. 5.—Type 1-B, siliceous limestone in Cat 
Canyon type chert. 


Fic. 12.—Secondary quartz recovered by bailer Fic 13.—Outcrop sample of type 1-B lower Mohnian chert. 
from Cat Canyon well. 
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Fic. 6.—Index map, Santa Maria Valley district. 
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platy, thin-bedded brown shale. The well developed lower Mohnian Cat Canyon 
type of chert and Luisian calcareous shale of the Casmalia field are represented 
by a thin section of buff and brown siliceous shale and dark brown phosphatic 
shale at the west end of the Santa Maria Valley field. 

The upper Mohnian is cherty in the Lompoc field, but this section is the type 
described as 1-C above and is characterized by thin-bedded interbedded siliceous 
shale, siliceous limestone, and thin streaks of chert. This lithologic difference is 
reflected by the character of the electric logs in the Lompoc field. - 

The lower Mohnian Cat Canyon type of chert and Luisian calcareous shale 
are well developed in the Lompoc field. However, the only productive zones in 
the field are in the upper Mohnian chert, and the lower fractured zones are wet at 
all structural positions. 

Stratigraphic section CC’ (Figure 9) extends from the Santa Maria Valley 
field through the Orcutt field, to the south side of the Purisima Hills, a distance of 
23 miles. Two wells at the north end of the sections, Nos. 1 and 2, encountered 
thickly developed chert of the upper Mohnian Santa Maria Valley field type. 
The next well, No. 3, a southern outpost test of the field, illustrates that the upper 
Mohnian chert grades into siliceous shale, and has the first appearance of the 
lower Mohnian Cat Canyon type of chert. Luisian calcareous shale is also present. 
The Orcutt section is similar to the last described, but chert is very poorly devel- 
oped in the upper Mohnian. Well No. 5, 3 miles southeast of the Orcutt field, 
encountered a similar section, but with a thicker development of the Cat 
Canyon type chert. The Monterey on the south side of the Purisima Hills is 
similar to the Lompoc section (Fig. 8), but differs in that the upper Mohnian 
Lompoc type chert is very poorly developed and has been replaced by platy 
siliceous shale. The most interesting feature of the section is the clear evidence 
that the thick chert is younger from south to north. 

Stratigraphic section DD’ (Fig. 10) extends from the Santa Maria Valley field 
southeasterly through the West Cat Canyon field to the Zaca Creek field, a 
distance of 21 miles. On the north, two representative wells in the Santa Maria 
Valley field, Nos. 1 and 2, exhibit a thick development of upper Mohnian chert. 
The chert grades into platy shale southeast, and very little chert is present in the 
southeasterly outpost well No. 3. A few streaks of lower Mohnian type 1-B chert 
are present in this well. A large development of the lower Mohnian chert extends 
from the West Cat Canyon field southeast to the Zaca Creek field. The section 
in the well northwest of the West Cat Canyon field, No. 4, is not as cherty as in 
the Cat Canyon field. The upper Mohnian Santa Maria Valley type chert is 
represented by a few streaks in the Cat Canyon area, but is also thickly developed 
in the Zaca Creek field. 

Stratigraphic section EE’ (Fig. 11) extends from a well near the east end of 
the Nipomo positive area, southeast to the East Cat Canyon positive area, a 
distance of 6 miles. Well No. 1, near the east end of the Nipomo high, encountered 
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a strongly developed chert section in the upper Mohnian. The very flat nature of 
the self-potential curve in this well may be caused by tar-sealed fractures rather 
than lack of fracturing. The Monterey thickens southeast to well No. 2. A few 
streaks of chert are in the upper Mohnian of this well, which encountered a very 
thick development of lower Mohnian chert of the Cat Canyon type and of Luisian 
fractured calcareous shale. Chert disappears on the southeast, although an equiv- 
alent section is present and chert is apparently replaced by relatively un- 
fractured siliceous and diatomaceous strata. 

The distribution of chert may be summarized as follows. 

1. Lower Mohnian maximum development of chert is concentrated in two 
bands, one extending from the West Cat Canyon area southeast through the Gato 
Ridge and Zaca fields, the other extending from the Casmalia area southeast 
through the Lompoc field. 

2. Upper Mohnian maximum development of chert is found throughout the 
length of the Santa Maria Valley field, except where overlapped, but is represented 
only by streaks downdip. Upper Mohnian chert is highly developed in the Zaca 
Creek area and the upper Mohnian is cherty in the Lompoc area. 

Two apparent features of chert distribution may be postulated on the basis 
of the stratigraphic sections. These are as follows. 

1. The maximum development of Mohnian chert apparently forms a band 
which in general parallels the margin of the Monterey basin, and chert develop- 
ment is meager in the deeper parts of the basin. Chert formation is also meager in 
what is probably a shoreward direction from the band of maximum chert. 

2. The lower to upper Mohnian seas apparently transgressed northward on 
the Nipomo positive area. The sections indicate that this was accompanied by a 
northward transgression of maximum chert development. 

Chert appears to be a facies in the same sense as sand, shale, and limestone 
on the basis of these two postulates. There appears to have been a definite en- 
vironment in which the elements necessary for chert were deposited, while they 
were not deposited elsewhere in the basin. The original material may or may not 
have resembled the present consolidated rock. There is abundant evidence of 
secondary redistribution of silica and chert in both outcrops and cores. Two clear 
examples of secondary movement of silica within chert bodies are here mentioned. 

1. Secondary quartz, illustrated in Figure 12, occurring in excellent crystals 
about }-inch in diameter, has recently been recovered with a bailer during remedi- 
al work on a structurally low well at West Cat Canyon. Similar material was 
found in ditch samples while the well was being drilled. The quartz was recovered 
from a 20-foot zone 65 feet below the top of the lower Mohnian. 

2. Figure 13 illustrates a sample of lower Mohnian cherty shale from an 
outcrop in the vicinity of Los Berros Creek in the Nipomo area. The bulk of the 
sample is composed of white opaline chert and porcellaneous shale, which is cut 
by lenses and veinlets of brown opaline chert. 

There are no clear examples in the Santa Maria district where chert is well 
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developed and is not sufficiently fractured to possess some porosity and perme- 
ability. Some fractures may have been sealed by tar where cherty sections have 
not yielded fluid on tests. Fractured zones are probably the result of adjust- 
ments in brittle rocks to tectonic movements. Theoretically, highly fractured 
areas should be related to structural features, such as anticlinal axes or faults. 
No such relationship can be demonstrated in the Santa Maria district at present. 
It appears that rocks sufficiently brittle to be susceptible to fracturing are region- 
ally fractured and broken and are potential reservoirs. Variations in fracturing 
and in consequent size of wells are extreme and unpredictable locally in Santa 
Maria oil fields. A property in the southeast part of the Santa Maria Valley field 
is an example of this. The property is drilled with one well to 1o acres. Initial 
production of these wells varied from the maximum of 2,500 barrels per day to 
the minimum of go barrels per day. Cumulative production of the wells varies 
between the minimum of 12,000 barrels to the maximum of 500,000 barrels. A 
direct offset well to the property is reported to have produced more than a million 
barrels and is still believed capable of producing 1,200 barrels per day. These 
figures may be somewhat misleading because wells were not completed at the 
same time, but they are believed to reflect a great variation in fracturing in the 
chert zone. 

Initial production rates of 2,500 barrels per day were common, and potentials 
as high as 10,000 barrels per day were established in the early history of the 
Santa Maria Valley field. These high rates of production of heavy viscous oil 
indicate high permeability. An estimated maximum permeability of 35 darcys and 
an average permeability of to-15 darcys have been obtained empirically for the 
chert zone of the Santa Maria Valley field by comparison with oil sand zones in 
various California oil fields. The estimates are based on potentials of oil sands of 
known permeability in zones where thickness and pressure are similar to the 
Santa Maria Valley field. Santa Maria crude is much more viscous than the oil 
produced from sands used for comparison. The permeability of sands used for 
comparison is a maximum of 2—3 darcys. The much higher estimated permeability 
of the chert zone is the result of adjusting the permeability of comparable sand 
zones to fit the viscosity of Santa Maria Valley field crude at bottom-hole temper- 
atures. Similar but somewhat smaller values for the permeability of fractured 
chert have been obtained from productivity indices by the method described by 
Norris Johnston.’ The permeability of sands and fractured reservoirs are not 
strictly comparable because of physical characters such as surface tension and 
capillary action, but it seems clear that the permeability of fractured chert is 
generally high and in some places extreme. 

Two outstanding effects of the high permeability are the following. 

1. The production of a well is commonly influenced by an offset well. In some 
places, fluid lost in a well is produced by offset wells. In one well a casing failure 


5 Norris Johnston and John Sherborne, “Permeability as Related to Productivity Index,” A.P.I. 
Drilling and Production Practice (1943). 
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developed, giving fresh water access to the chert zone. Water cuts in an adjacent 
well reflected the condition immediately. 

2. A common development of a very unequal encroachment of edge water. 
Two outstanding examples of this condition are the present irregular oil-water 
interfaces along the south-central part of the Santa Maria field, and at the north- 
west end of the West Cat Canyon field. 

A well developed fractured chert zone may ultimately produce 20,000-40,000 
barrels per acre or approximately 100-150 barrels per acre foot. It has been 
estimated that producible oil in the chert zone may be as high as 30 per cent of the 
total oil in the formation. The average porosity of such a zone is 6 per cent on the 
basis of these figures. 

Fractured rocks form satisfactory reservoirs for oil of heavy to very heavy 
gravity because of the high permeabilities and because sand problems characteris- 
tic of low-gravity oil sands are not encountered. It seems probable that lighter 
crudes could be produced commercially from zones exhibiting less fracturing. 


KNOXVILLE PRODUCTION 


The basement production of the Santa Maria Valley field was discovered in 
December, 1942, by W. R. Gerard’s Acquistapace well No. 1 which initially 
flowed 1,200 barrels per day of 18.5° gravity oil. This well was in an area con- 
sidered sub-commercial in Monterey zones. It encountered 250 feet of Monterey, 
with 120 feet of cherty shale below the Sisquoc. Approximately 30 feet of detrital 
or weathered material was found at the top of the Knoxville, and go feet of 
Knoxville fractured sandstones were penetrated. The oil in the Knoxville is 
identical with Monterey oil and is believed to have migrated from the Monterey 
into fractured members of the older formation. 

Both the Monterey and older rocks are open to production in the discovery 
well and in most wells penetrating the Knoxville. Therefore, it is difficult to 
evaluate the extent of basement production because of the lack of selective tests. 
Wells which produce from the Knoxville include (1) wells drilled north of the 
Monterey limits and productive from Knoxville alone, (2) wells deepened into 
the Knoxville with an increased productivity, and (3) wells completed in both 
Monterey and Knoxville with production greatly in excess of rates expected from 
Monterey alone. Wells which prove the Knoxville non-productive include (1) wells 
north of Monterey limits which lack fluid in the Knoxville, (2) wells lacking fluid 
in both Knoxville and Monterey, (3) wells deepened into the Knoxville without 
change in productivity, and (4) wells penetrating both Knoxville and Monterey 
with production rate similar to Monterey zones. 

Figure 14 is a generalized structure map of the Santa Maria Valley field, 
contoured on top of the Knoxville and showing locations of productive and non- 
productive wells. Productive Knoxville wells are limited to the north-central 
part of the field. The west end of the field is not favorable for basement production 
because the oil-water interface common to both formations occurs within the 
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Monterey. Some wells have found the Knoxville non-productive at the east 
end of the field. These wells encountered mainly gray and black, micromicaceous, 
slickensided, plastic-appearing shale, apparently without reservoir character- 
istics, while productive wells encountered dominantly sandstone. Casts of the 
megafossil Aucella have been reported in the shales at the east end of the field, 
and on the basis of these the zone is referred to as the Knoxville. No fossils 
have been reported in the productive area. The approximate northern limit of 
fractured Knoxville sandstone is indicated on the map. The northern limit of 
production is believed to be controlled partly by overlap of the fractured sand- 
stone by the Sisquoc, and partly by tar seal, at the contact. 

Figure 15 is a typical electric log of a well producing from the Knoxville, 
showing the section penetrated below the Miocene. The well was originally 
completed in the Monterey in August, 1942, initially producing 25 barrels per 
day. In its original condition, the total depth was 4,332 feet after penetrating 
go feet into the Knoxville. The liner was landed at 4,234 feet or at the top of the 
basement without a bottom plug. The last production before deepening was 13 
barrels per day. The well was deepened to 4,910 feet, equivalent to 665 feet of 
penetration into the Knoxville, and was recompleted December 3, 1945, pumping 
220 barrels per day of 17.1° gravity clean oil. Present production of the well 
is go barrels per day, and it has produced a cumulative production of approxi- 
mately 70,000 barrels of oil from the Knoxville. Cores and ditch samples indicate 
the well encountered dominantly sandstone. The sandstone is light blue-gray, 
medium- to fine-grained, micaceous, pyritiferous, very calcareous, with veinlets 
of calcite. Fractures were present in most of the cores, spaced from a few inches 
to 3 feet apart, with a coating of oil on the fracture surfaces. The sandstone was 
generally oil-stained in a width of }-} inch from the fractures. Live oil was pres- 
ent in cores throughout the interval, but the gravity of the oil appeared to 
increase with deeper penetration. 


SUMMARY 


It appears that the brittle hard rocks of the Santa Maria district are regionally 
fractured, but show extreme local variation in amount of fracturing. Chert is the 
most important fractured rock, but calcareous shale, platy siliceous shale, and 
sandstone are sufficiently fractured to form commercial oil reservoirs. The main 
zones susceptible to fracturing have wide distribution in the district. The distri- 
bution of maximum chert development suggests that the chert originated as a 
sedimentary facies. Fractured chert reservoirs are characterized by low porosity 
and high permeability. Expected recovery per acre foot in such zones is relatively 
low. 

A knowledge of the characteristics of fractured rock reservoirs, observed in 
the course of drilling, is an aid to the evaluation of the productive possibilities 
of such a reservoir; but in the final analysis production tests are required. 
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LYONS SANDSTONE OF COLORADO FRONT RANGE* 


WARREN O. THOMPSON** 
Boulder, Colorado 


ABSTRACT 


The unique original structures of the Permian Lyons sandstone of the Front Range of Colorado 
are described in detail. A chart, two line diagrams and several photographs set forth the salient aspects 
of the formation; hence, the paper is primarily a study in sedimentation. Certain original structures in 
the Lyons such as cross-stratification, lamination, and rhomboid ripple mark are compared with simi- 
lar features of modern beaches. These facts and inferences combined with the stratigraphic relation- 
ships of the Lyons lead to the conclusion that the Lyons sandstone is an ancient littoral deposit in 
which both shore and eolian processes are discerned. 

A secondary vonclusion is that the Lyons is Middle Permian in age, approximately equivalent to 
the Leonard formation of West Texas. 


INTRODUCTION 


The Lyons sandstone of the Front Range of Colorado was named and de- 
scribed by N. M. Fenneman! in 1905. He designated the quarries near the town 
of Lyons the type locality. Fenneman’s definition includes all those strata 
between the Fountain arkose below and 


a series of sandstones and sandy shales, with a little limestone, 


the Lykins series, above. Significant parts of Fenneman’s! original description 
follow. 


Above these massive beds and more or less arkose sandstone (Fountain formation) are 
other beds of purely quartzose sandstone .... The long washing and complete assort- 
ment which these sands underwent on the shore of the early sea was attended by cross-bed- 
ding of unusual dimension and perfection. 


Tieje* challenges Fenneman’s shore hypothesis origin of the Lyons sandstone and 
follows the earlier lead of Vail* who concludes that the Lyons is dominated by 
sediments of eolian origin, admixed with stream sediments. Heaton‘ without 
offering evidence suggests that the cross-bedding of the Lyons indicates a near 
shore deposit. 


* Read in part before the Association at Los Angeles, March, 1937, and Chicago, April, 1940. 
Manuscript received, September 25, 1948. 

** Professor of geology and assistant head of the department, University of Colorado. Petro- 
graphic data on the Lyons sandstone came from the thesis work of J. M. Maxwell, done as a part 
of the requirement for the Master’s degree at the University of Colorado. J. M. Kirby, who is co- 
author of Figure 2, contributed helpful suggestions regarding correlation. The following have assisted 
with the measurement of sections in the field: R. D. Sample, H. W. Osborne, Julian Low, L. O. 
Quam, and J. E. Simmons. W. C. Toepelman read the manuscript. 

1'N. M. Fenneman, ‘‘Geology of the Bouider District, Colorado,’ U. S. Geol. Survey Bull. 265 
(1905), Pp. 23. 

2 A. J. Tieje, ‘The Red Beds of the Front Range in Colorado,” Jour. Geol., Vol. 31 (1923), 
Pp. 192-207. 

3C. E. Vail, “‘Lithologic Evidence of Climatic Pulsations,” Science, New Ser., Vol. 46, No. 1178 
(1917), Pp. 90-93. 

“Ross L. Heaton, “‘Ancestral Rockies and Mesozoic and Late Paleozoic Stratigraphy of the 
Rocky Mountain Region,” Bull. Amer. Assoc. Petrol. Geol., Vol. 17, No. 2 (1933), P- 149- 
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Henderson’ is non-committal regarding the origin of the Lyons, though he 
indicates, following Vail, that part of the Lyons is subaerial. 

Lee® redefines the Lyons formation by proposing that the Lyons sandstone 
be limited 


to the cross-bedded upper part, to which the original description chiefly applies. 


Part of the sediments included in Fenneman’s original description are referred 
by Lee to the underlying Ingleside formation of Butters.’ 

Lee’s® contention that the name Lyons should be limited to those sandstones 
characterized by conspicuous cross-bedding is tenable, but the application of 
this definition to the ““Creamy sandstone” of the Denver basin introduces ad- 
ditional confusion. He states: 


These beds (the Creamy sandstone) cannot be the same as the Lyons sandstone of the 
type locality. 


Lee’s view is that the Lyons sandstone of the type locality thins and dis- 
appears south of Eldorado Springs, Colorado, whereas, actually, these strata can 
be traced laterally into the ““Creamy sandstone”’ in the area just south and west 
of Ralston Peak (Sec. 31, T. 2 S., R. 70 W.). 

The correlation of the ‘‘Creamy sandstone” with the Lyons of the type lo- 
cality ultimately permits an acceptable explanation of the puzzling relationships 
of the Lyons with adjacent strata. 

The present paper sets forth in detail: (1) the characteristics of the Lyons 
sandstone; (2) an interpretation of these characteristics; (3) an explanation of 
the complex relations of the Lyons sandstone with adjacent formations in the 
light of the interpretation; and (4) the age and regional correlation of the Lyons 
sandstone. 

AREAL DISTRIBUTION 


The Lyons sandstone crops out almost continuously along the east side of 
the Front Range of Colorado from T. 12 N., R. 70 W. in northeast Larimer 
County, near the north line of the state, southward to a place southeast of Sedalia, 
Colorado in T. 7 S., R. 68 W. From here southward to Red Canyon in T. 17S., 
R. 67 W., in the southwest corner of El Paso County, outcrops are discontinuous. 

From a short distance southwest of Sedalia, southward to Perry Park (T. 9S., 
R. 68 W.) and from Perry Park southward to Colorado Springs (T. 14 S., R. 67 
W.), exposures are few and poor. This condition also prevails south of Colorado 
Springs to a place west of Fountain, Colorado (T. 16 S., R. 67 W.). In these areas 

5 Junius Henderson, ‘‘Foothills Formations of North-Central Colorado,” Colorado Geol. Survey 
Bull. 19 (1920), p. 90. 


6W. T. Lee, ‘‘Correlation of Geologic Formations between East-Central Colorado, Central 
Wyoming and Southern Montana,” U. S. Geol. Survey Prof. Paper 149 (1927), p. 12. 


7™R. M. Butters, ‘‘Permian or ‘Permo-Carboniferous’ of the Eastern Foothills in Colorado,” 
Colorado Geol. Survey Bull. 5, Pt. 2 (1913), pp. 61-94. 


8 Lee, op. cit., p. 5. 
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the outcrop either is faulted out or is buried by unconformable Dawson arkose 
of Eocene age. Southward from T. 16 S., R. 67 W., the Lyons is traceable to Red 
Canyon (T. 17 S., R. 67 W.), but is not recognized in the belt of Paleozoic strata 
which crop out south of Red Canyon. The paucity of continuous good exposure 
in the southern part of the area probably does not seriously impair the investi- 
gation, as controversial parts of the formation are well exposed. 

How far eastward into the Denver basin the Lyons sandstone extends is un- 
known. A few wells on the west flank of the basin penetrate sandstone which 
occupies the stratigraphic position of the Lyons. Other wells on the east flank of 
the basin in eastern Colorado log sandstones of appropriate stratigraphic position 
and texture for correlation with the Lyons of the outcrop. Inasmuch as one of 
the chief bases of recognition of the Lyons is the distinctive cross-bedding, 
positive correlation with well cuttings is not attempted. 


THICKNESS 


The Lyons sandstone is approximately 370 feet thick at the type locality. 
This thickness is measured from the lowermost recognizable, Lyons-like structure 
below, to the red siltstones in the Lykins and its equivalents, above. Numerous 
arkose lenses which thread the Lyons are included in the thickness. Changes in 
thickness are recorded in the chart (Fig. 2). In general the Lyons becomes pro- 
gressively thinner northward. 


COMPOSITION 


Typical Lyons sandstone is composed of more than gg per cent subangular 
grains of quartz. Rounded grains of magnetite, garnet, and zircon appear in some 
specimens. Most specimens contain rounded pellets of limonite and hematite. 

In the area between Ralston Creek and Red Canyon, much feldspar and some 
rounded fragments of muscovite are interstratified, especially near contacts with 
adjacent formations. From Lyons to the north boundary of Colorado few lenses 
of arkosic sandstone crop out, excepting near the base of the formation. 


TEXTURE 


Internal structure-—Typical Lyons sandstone is made up of single grains of 
quartz held together by calcareous, ferrugenous and siliceous cementing materials. 
An intraformational conglomerate composed of fragments of a sandstone closely 
resembling the Lyons sandstone on which this conglomerate rests, crops out on 
the north bank of South St. Vrain Creek, a mile southwest of Lyons. 

South of Morrison, Colorado, at Turkey Creek fragments of gypsum, many of 
them showing considerable attrition, are embedded in the top of the Lyons 
sandstone. 

Grain size-—Mechanical analysis of 50 typical samples of Lyons sandstone 
shows that the materials fall into five groups. Fifty per cent by weight is fine sand 
(3-4 mm.); 25.5 per cent is medium sand (4—} mm.); 22 per cent is very fine sand 
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(§—z's mm.); 2 per cent is silt and clay (less than yy mm.); and approximately 
} per cent is coarse sand (1-3 mm.). Grains in excess of 1 mm. in diameter are 
seen rarely. 

Following Payne® the Lyons is classed as a fair to weil sorted sand inasmuch 
as 97.5 per cent of the formation falls into three size groups. Inspection of many 
samples discloses considerable contrast in grain size between adjacent laminae 
whereas grain size in single laminae is uniform. Hence, sorting is more highly 
developed than is indicated by the average figures here given. 

Grain shape.—Lyons sandstone grains are dominantly equi-dimensional. 
Most grains are spheroidal, oblate spheroidal, or prolate spheroidal in terms of the 
shape classification diagram of Payne. 

Grain roundness.—75—80 per cent of Lyons sandstone grains are subangular. 
Some are angular and some subrounded. In terms of Krumbein’s image diagram 
recently reviewed by Payne,’ the bulk of Lyons sandstone grains are in roundness 
class .3; with considerable numbers of grains in roundness classes .2 and .4. 
Spherical or nearly spherical grains, rare in general, are found in some places. 

Grain surface texture —Maxwell’s investigation of 5,000 grains from various 
samples of Lyons sandstone, discloses that approximately 52 per cent of the grains 
display a frosted or matte surface, whereas the remaining 48 per cent exhibit a 
bright glassy surface. 


ORIGINAL STRUCTURES 


Lamination and cross-lamination.—Lamination in the Lyons sandstone is 
an extremely persistent characteristic. Most laminae range in thickness from no 
more than 3 mm. (the thickness of single grains) up to 50 or 60 mm. Single laminae 
in many places may be traced 30-50 feet laterally, but in other places this con- 
tinuity is interrupted by the lack of parallelism in angle of dip of laminae. Hence, 
truncating surfaces which transect underlying laminae act as the floor of deposi- 
tion for overlying laminae and this overlying set in turn is transected by the next 
overlying. Figure 3 portrays this structure. In most places the lack of parallelism 
is the result of changes in the angle rather than the direction of dip of laminae; 
in other words, there is a decided tendency toward parallelism of strike within 
groups of adjacent laminae. 

Within the vertical limits of a single lamina, grain size is remarkably uniform. 
Many adjacent laminae likewise contain grains of equal size; but in many others 
an abrupt change in grain size from lamina to lamina is discerned. 

In most places adjacent laminae disclose slight changes in color resulting from 
different degrees of staining by iron oxide. This color is clearly a stain on the 
grains which may be removed by boiling grains with hydrochloric acid. In many 
places this iron oxide stain is not uniformly distributed, and hence imparts a 
mottled appearance to the outcrop. 

* Thomas G. Payne, “‘Stratigraphical Analysis and Environmental Reconstruction,” Bull. Amer. 
Assoc. Petrol. Geol., Vol. 26, No. 11 (November, 1942), p. 1707, Fig. 3. 

10 Payne, op. cit. Fig. 4, p. 1712. 
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Cross-stratification—The term ‘“‘cross-stratification’” applies to lack of 
parallelism in major groups of laminae, each of which is cross-laminated within. 
The cross-stratification is grouped into three major types, designated here: 
diastemic omission and overlap, overlapping scoop-like embayments, and buried 
channels. 

Diastemic omission and overlap.—The type of cross-stratification designated 
diastemic omission and overlap results from the combination of groups of cross 
laminated strata tens of feet thick with almost plane surfaces many hundreds of 
square feet in area. These surfaces transect strata below and act as the floor of 
deposition for overlying strata. One such surface in the quarries north of Lyons 
may be traced more than 1,500 feet in a northerly direction along the general 
trend of the outcrop and for at least 500 feet laterally within the quarries (Fig. 4). 
Several major surfaces are discerned on abundant fresh rock surfaces in these 
quarries. All these major surfaces seem to have a low eastward component of 
dip, though none are exactly parallel. 

Each major surface results from the multiple intersection of several uniform 
planes of slightly different strike and dip. At the intersection of two such planes 
a low straight ridge results. The courses of these ridges vary with the angle and 
direction of dip of the involved planes. Figure 5 illustrates this relationship. Each 
major surface thus results from the merging of several nearly, but not quite 
parallel, planes. The product is a widespread undulating surface, the fractional 
parts of which are planes or near planes which appear as facets on the main sur- 
faces. 

In the Lyons quarries three such major surfaces are discerned. Transection 
of one surface by another discloses the fact that they become progressively 
younger from west to east. The surface designated C in Figure 6 diagram tran- 
sects B and is, in turn, transected by D. At each place of meeting the transecting 
surface dips more steeply eastward than the surface transected. This arrangement 
delineates two large wedges of laminated and cross-laminated sediments which 
are designated E and F in the diagram. These wedges thin to nothing eastward 
but increase in thickness westward. They are composed of groups of laminae with 
a westward or southwestward component of dip. The westward-dipping laminae 
bury eastward-dipping major surfaces and are themselves truncated above by 
other major surfaces. 

The laminae of westward dip are essentially parallel in strike and in direction 
of dip, though the angle of dip varies abruptly in some places. This relative uni- 
formity of attitude in westward-dipping laminae is in sharp contrast with the 
extremely intricate cross-lamination of the eastward-dipping strata which overlie 
the major surfaces that truncate the westward-dipping laminae (Fig. 7). The 
major surface thus transects the underlying laminae and serves as the floor of 
deposition for those overlying. The change in grain size across such major breaks 
is no greater than the change from lamina to lamina. 

Overlapping scoop-like embayments.—The truncating surfaces described in the 
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Fic. 1.—Typical Lyons sandstone on Dry Creek 
southwest of Loveland, Colorado. Fic. 3.—Lamination and cross-lamination in 
Lyons sandstone. 


Fic. 5.—Low ridges formed by nearly parallel 
Fic. 4.—Extensive surface in quarry at Lyons. transecting surfaces. 
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Fic. 7.—Westward-dipping laminae truncated and 


overlain by eastward-dipping laminae. 


Fic. 9.—Rhomboid ripple mark on Lyons 
sandstone slab. 


Fic. 8.—Scoop-like embayment of 
truncating surface. 


Fic. 10.—Bubble impressions or rain prints. 


ay 


LYONS SANDSTONE OF COLORADO FRONT RANGE 61 


previous paragraph though extensive, are not simple planes. In addition to the 
ridges here described (Fig. 5), these surfaces are scalloped in places by well 
defined scoop-like embayments which plunge eastward (Figs. 4 and 8). These 
embayments are separated by low east-plunging ridges which in shape and 
dimension resemble beach cusps. The embayments are filled with cross-laminated 
sediment. Many such embayments appear to have formed but most of them are 
partly or completely destroyed by the depositing agent before becoming a perma- 
nent part of the sandstone. Later new embayments form, with axes that do not 
lie in the same place as the earlier ones; hence, undestroyed laminae of the earlier 
embayment are truncated by the surface which is the floor of a new embayment. 
This surface is later buried by laminae that develop in the new embayment. This 
overlapping of the laminated sediments results in a type of cross-stratification 
which Knight" designates ‘“Festoon cross-bedding.” 

Buried channels.—In many places lenticular courses of crudely sorted arkose 
and conglomerate are within the main body of the Lyons. These bodies rest in a 
relatively narrow channel which is cut out of typical Lyons sandstone. The con- 
tact between the arkose and Lyons sandstone is very sharp. Floors of channels 
are concave upward (Figures 6 and 11). 

Swash marks.—Minute, arcuate, thread-like ridges of sand appear in places 
on bedding surfaces of the Lyons sandstone. These ridges in most places are less 
than yg inch high and of the same width. They seldom can be traced for more 
than 3 or 4 feet before being obliterated by other similar ridges, formed later and 
with slightly different trend. Their occurrence seems limited to bedding surfaces 
with an original eastward component of dip. The succession of obliteration is 
such that the forming agent must have retreated eastward. 

These original structures closely resemble the original structures of modern 
beaches variously described as “swash mark” by Twenhofel” and as “wave 
marks” by Kindle." 

Rhomboid ripple mark.—Sand patterns that resemble the scales of a ganoid 
fish are on numerous bedding surfaces of the Lyons sandstone (Fig. 9). Unlike 
swash mark, rhomboid ripple mark appears on bedding surfaces of various 
orientation. Kindle“ refers to the pattern as “imbricate wave sculpture”; 
Twenhofel® as “rhomboid ripple mark’”’; and D. W. Johnson" and W. O. Thomp- 
son” as “back wash mark.” 


1S. H. Knight, ‘“‘The Fountain and the Casper Formations of the Laramie Basin,” Univ. Wyom- 
ing Pub. Sci. Geol., Vol. 1, No. 1 (1929), p. 58, Fig. 24. 

12, W. H. Twenhofel, Principles of Sedimentation (1939), p. 562. 
. 13 FE. M. Kindle, ‘‘Recent and Fossil Ripple Mark,” Canada Dept. Mines Mus. Bull. 25, Pl. XTX 

» P. 93- 

4 E. M. Kindle, of. cit., Pl. XIX B, p. 93. 

% W. H. Twenhofel, of. cit., p. 524. 

1% —D. W. Johnson, Shore Processes and Shoreline Development (1919), P. 517. 


17 W. O. Thompson, ‘‘Original Structures of Beaches, Bars, and Dunes,” Bull. Geol. Soc. America, 
Vol. 48 (1937), P- 737- 
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Bubble impressions.—In many places the bedding surfaces of the Lyons are 
marked with circular impressions known as “‘bubble impressions” or “rain prints” 
(Fig. 10). 

In typical form the impression is a crudely circular thread-like ridge of sand 
about ¥; inch high and 3 inch in diameter. Its form is that of a very flat crater 
except that the part within the ring is not much depressed below the general 
level of the surface of the bed. Many are so closely spaced that the rim of one 
ring is in contact or even intersects that of an adjacent one. 

This feature probably does not result from the washing of loose sand following 
the impact of rain drops. Just how the rim of the ring is preserved to become a 
part of geologic record is difficult to imagine, especially in view of the large num- 
ber of such preservations. The required meticulous coordination between rainfall 
and suitable conditions of preservation is almost fantastic. An agency which is 
continually active seems more probable. The escape of bubbles of air trapped in 
dry sand by abrupt flooding of wave swash seems to be indicated. Alternate 
drying and flooding could then produce the numerous craters on bedding surfaces 
of the Lyons sandstone. 

Dendritic figures and kelp marks.—The bedding surfaces of many slabs of 
Lyons sandstone are decorated with fern-like figures of manganese or iron oxide 
commonly confused with fossil ferns by the layman. Most of these figures extend, 
laterally for several square feet, but have only slight vertical dimension. These 
figures dominantly are black, a few are brown, all are confined to bedding 
surfaces. 

A few larger figures of much coarser design penetrate the slab with nearly as 
much vertical as lateral dimension. In such places considerable increase in the 
porosity of the slab, where the figures penetrate, is noted. It is as if some substance 
long since decayed, held apart the grains of sand during the time of deposition. 
In form and size such plant-like figures resemble masses of kelp buried in modern 
beaches, hence are referred to as kelp marks. 


ANIMAL TRACKS 


At least two types of animal tracks are described from the Lyons sandstone. 
Because these tracks have a bearing on correlations, a short review of track 
description is included. 

Henderson'® describes, figures, and names one of these tracks which seem 
to be tracks of a Paleozoic amphibian, Limnopus? coloradensis. Gilmore, render- 
ing an opinion in Lee’s!® paper, contends that Henderson’s Limnopus is un- 
questionably Laoporus a genus founded by R. S. Lull on tracks, identical with 
those described by Henderson, from the Coconino sandstone of Arizona. Lull in- 


18 Junius Henderson, ‘‘Footprints in Pennsylvanian Sandstones of Colorado,” Jour. Geol., Vol. 32, 
No. 3 (April-May, 1924), pp. 226-29. 

19 Willis T. Lee, ‘‘Correlation of Geologic Formations between East Central Colorado, Central 
Wyoming and Southern Montana,” U. S. Geol. Survey, Prof. Paper 149 (1927), p. 12 and Pl. 33. 
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dicates that hereafter this track will be referred to as Laoporus coloradoensis 
(Henderson). 

Toepelman and Rodeck” describe and figure another very different track as 
Paleohelcura lyonsensis. They do not assign it to a particular group of animals, 
but do suggest that it is probably of invertebrate origin. Confirmation of this idea 
comes from a recent paper by L. F. Brady,” who in working with Coconino 
tracks similar to those of Toepelman and Rodeck from the Lyons, concludes that 
Paleohelcura is almost certainly a scorpionid. 

Sets of identica! tracks of two different groups of animals in two widely sepa- 
rated sandstones, the Lyons and the Coconino, are significant in the light of 
additional information from other sources presented in following paragraphs. 


RELATIONS WITH ADJACENT SEDIMENTS 


From the foregoing description the Lyons sandstone is considered a lithologic 
unit with certain definite characteristics. Its texture, lamination, and cross- 
lamination are distinctive. Moreover, it is a ridge-making sediment which crops 
out regularly throughout most of the outcrop zone on the east side of the Front 
Range of Colorado. 

The Lyons sandstone, however, is not everywhere the cohesive, easily de- 
lineated unit one might visualize from reading its description. Rather, the true 
Lyons seems to be the product of a recurrent type of sedimentation which domi- 
nates only parts of a much thicker deposit of sediment. It is interstratified above, 
below, and within with sediments whose characteristics group them naturally 
either with overlying or underlying formations. This is especially noticeable 
along the outcrop between Ralston Creek and Red Canyon, but is by no means 
limited to this area. 

In general, the size of clastics with which the Lyons is interstratified, decreases 
south to north. At Red Canyon, south of Colorado Springs, coarse arkosic sand- 
stone occupies the entire Lyons interval. At all places north of Red Canyon to 
Ralston Creek, this coarse arkosic sandstone is interstratified, not only with the 
base of the Lyons, but within and above it. An exception exists in the Colorado 
Springs embayment where interstratification with coarse arkose seems to be 
restricted to the lower part of the Lyons. In many places between Perry Park and 
Ralston Creek, coarse arkose actually overlies the uppermost layer of Lyons 
sandstone. 

Between Ralston Creek and the type locality at Lyons, the coarse arkosic 
sandstone is interstratified only with the lowermost members of the Lyons. 
This zone is approximately 75 feet thick in most places. Layers of typical quart- 
zose Lyons sandstone are overlain by lenticular arkose beds whose floors of de- 


20 W. C. Toepelman and H. G. Rodeck, ‘‘Footprints in Late Paleozoic Red Beds near Boulder, 
Colorado,” Jour. Paleon., Vol. 10, No. 7 (1936), p. 660. 

2 L. F. Brady, “Invertebrate Tracks from the Coconino Sandstone of Northern Arizona,” Jour. 
Paleon., Vol. 21, No. 5 (1947), pp. 466-72. 
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position cut into and even through earlier layers of Lyons sandstone. The arkosic 
layers in turn are overlain by other Lyons layers. Repetition of these relations 
continues throughout the 75-foot transition interval. A typical and very instruc- 
tive exposure of this transition zone crops out in the north bank of South St. 
Vrain Creek about a mile southwest of the town of Lyons. Relations are portrayed 
in Figure 11. At the west end of the outcrop, above typical Fountain arkose, 
35 feet of interstratified Lyons sandstone and Fountain arkose are subjacent to 
20 feet of typical cross-bedded Lyons sandstone. A lenticular buried channel of 
Fountain arkose 20 feet wide and 10 feet deep rests on this 20-foot Lyons member. 
Traced eastward the lenticular channel of arkose lenses into pink cross-bedded 
slightly arkosic quartzose sandstone. The arkose lens and the pink sandstone 
underlie a lens of cross-bedded white eolian sandstone, in which the individual 
laminae dip westward against a regional east dip of approximately 15 degrees. 
Examination of the sand grains of this lowermost white lens discloses the fact 
that most of them are spherical, frosted, and uniformly grouped into two sizes, 
the larger of which is the smaller per cent. This white sandstone thins westward 
from about 30 feet to less than a foot at the westward end of the outcrop. A thin 
intraformational conglomerate overlies the white sandstone. In most places this 
conglomerate contains angular fragments of laminated red sandstone, some of 
them 6 inches in diameter. These sandstone fragments, which resemble typical 
Lyons sandstone seem to be derived from earlier deposits. The conglomerate, 
like the arkose and pink sandstone, is a channel deposit. The greatest thickness 
is 6 feet. Typical cross-bedded Lyons sandstone overlies this section. 

Between the town of Lyons and the Colorado-Wyoming boundary, the Lyons 
sandstone gradually disappears. Thinning is very marked between Lyons and 
Stout. North of Stout, the thickness is fairly uniform but decreases gradually 
to ultimate disappearance of the recognizable sandstone unit near the north 
boundary of Colorado (Fig. 2). 

The strata on which the Lyons rests also change northward. A short distance 
north of Lyons, the arkosic sandstones of the southern area gradually are domi- 
nated by red uniformly sorted, cross-bedded, quartz sandstone. This domination 
of quartz sand over arkose increases from south to north. Some red sandy 
shales appear in the section. These strata, herein designated the “lower Satanka 
tongue,” separate the Lyons from the underlying “Ingleside tongue” of the 
Casper formation as restricted by Knight” (Fig. 2). 

Between Dowe Pass and the Colorado-Wyoming boundary, bright red 
sandstones and shales interstratified with bedded gypsum and platy marine lime- 
stone overlie the Lyons sandstone. In some places tabular hexagonal crystals of 
dolomite, pseudomorphous after aragonite, crop out. Neither the gypsum nor the 
limestone is present in all sections and in some sections red sandy shale and red 
sandstone only, appear. East of Table Mountain in northern Colorado, one, and 


2S. H. Knight, op. cit., p. 49. 
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Fic. 11.—Relations of Arkose and Lyons sandstone in transition zone. 
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in some places, two thin sandstones which closely resemble the Lyons lithological- 
ly underlie the main outcrop and are separated from it by a few feet of red sand- 
stone. Some fairly abrupt variations in thickness of the several described units is 
discerned in the vicinity of Table Mountain. In a few places, notably on Sand 
Creek and Box Elder Creek (T. 11 N., R. 70 W.), layers of marine gastropods 
and pelecypods appear in thin interstratified platy limestones. These fossils are 
described below. The thickness of sediment between the Lyons sandstone below 
and the Crinkled sandstone (Forelle) above is referred to as the upper Satanka 
tongue (Fig. 2). This unit includes strata designated Glendo, Minnekahta, and 
Opeche by Condra, Reed, and Scherer.” 


ORIGIN 


To explain the peculiarities of typical Lyons sandstone, N. M. Fenneman* 
invokes shore processes; A. J. Tieje,® wind; and C. E. Vail,?* wind and stream 
processes. All are impressed by the remarkable lamination that characterizes 
the typical Lyons outcrop. Because of this lamination, the high quartz com- 
position, and uniform sorting, it seems probable that no agents of sedimentation 
other than shore processes, streams, and wind were significantly involved in the 
deposition of the “Lyons facies.”’ 

It should be re-emphasized that the Lyons is not everywhere a cohesive, 
easily delineated stratigraphic unit; but rather the product of a recurrent, 
distinctive type of sedimentation which dominates some parts of a thicker 
stratigraphic unit. This “Lyons facies ”’ is interstratified, above, below, and even 
within, with sediments whose characteristics group them naturally either with 
underlying or overlying formations; that is the Fountain formation; the lower 
Lykins formation; or the upper and lower Satanka tongues. 

Fountain sedimentation is almost certainly the result of fluvial activity as is 
adequately demonstrated by Knight.?’ 

Tieje’s*® treatment of the lower Lykins as an upper delta is a reasonable 
explanation. 

If stream hypotheses of deposition are accepted for Fountain and Lykins 
sediments, the adoption of a different agent or agents for deposition of the Lyons 
seems mandatory because of the sharp contrast incomposition, textural attributes, 
and original structures between the Lyons and the Fountain and Lykins stream- 
laid sediments. That a stream depositing the crudely sorted arkosic sand of the 
Fountain should change abruptly to the deposition of uniformly sorted and 


% G. E. Condra, E. C. Reed, O. J. Scherer, Nebraska Geol. Survey Bull. 13, p. 10. 
4 N. M. Fenneman, op. cit., p. 60. 

% A. J. Tieje, op. cit., p. 201. 

* C. E. Vail, op. cit., p. 2. 

27S. H. Knight, of. cit., p. 29. 

2 A, J. Tieje, op. cit., p. 205. 
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laminated quartz sand and then change back to arkosic sand, is improbable. 
This abrupt change alone makes it seem improbable that stream activity is an 
_important agent in the deposition of typical Lyons sandstone. In addition, the 
excellent sorting, high degree of lamination, opposition of dip but parallelism of 
strike of laminae, and the extensive truncating surfaces of the Lyons are features 
which are not characteristic of sediments of fluvial origin. 

With fluvial deposition eliminated, wind and shore processes are left as prob- 
able agents of deposition. Both agents bring about the high degree of concentra- 
tion of quartz sand which characterizes all typical Lyons outcrops. Both can 
produce the textural attributes of the Lyons, even to the surface texture of the 
grains, which Maxwell’® finds is almost equally distributed between frosted or 
“matte” surfaces produced by the wind and clear glassy surfaces attributed to 
handling by water. 

That shore processes did operate in the formation of the Lyons, is manifest, 
particularly, in the arrangement of the extensive truncating surfaces, in the 
laminae of variant dip but approximate parallelism of strike, and in the uniform 
sorting as to size within individual laminae. 

The complex relation of truncating surfaces and truncated laminae portrayed 
in Figure 6 is most readily explained by a shore hypothesis. The sequence of 
events recorded by these complex relations in the Lyons quarries is interpreted 
in the light of direct observation of beach erosion and deposition by the writer®° 
before, during, and following a heavy storm which modified beaches at Balboa, 
California. A parallelism is drawn between the results of deposition of the storm 
sequence at Balboa and the features found in the Lyons quarries. 

The Balboa storm sequence begins activity on a relatively thick cusped beach 
which had developed during an extended period of calm. Normal tides immediate- 
ly preceding spring tides had prevailed. A high tide raised the level of the water 
so that lashing storm waves carried back to deep water much of the material 
previously deposited on the beach. Strong littoral currents accompanying the 
storm carried the material offshore. The sea offshore for a mile was badly 
discolored from suspended sediment. A wedge shaped segment of beach 10-15 
feet thick at the land side, 60 or more feet wide and many miles long was removed 
from the original pre-storm beach surface. The post-storm surface was corres- 
pondingly lower and was flanked on the landward side by a vertical seaward 
facing scarp 10-15 feet high. Gradual return of the material carried offshore by 
the storm began as soon as the weather calmed. The return of this material was 
concurrent with the gradual development of spring tide, hence material was 
carried progressively higher and farther inland with each succeeding high tide. 
The first deposit following the storm was a low beach ridge formed at the land- 
ward reach of the waves at high tide, but 50 or more feet from the storm scarp. 


29 J. M. Maxwell, op. cit., p. 34. 
30 W. O. Thompson, of. cit., p. 734. 
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Some sediment of this ridge dipped landward, some seaward. With each succeed- 
ing higher tide, waves carried sand from the seaward to the landward side of the 
beach ridge and thus gradually worked the crest farther and farther landward as 
well as progressively higher. This process continued for several weeks until the 
maximum high high spring tide was reached. At this time landward-dipping 
sediments carried over the crest of the beach ridge reached the base of the original 
seaward facing scarp left by the storm. Thereafter during the gradual retreat of 
the spring tide, laminated sediments were deposited only on the seaward side of 
the beach ridge. In many places, depending on the depth of wave scour, this was 
upon the truncated edges of the landward-dipping sediment formed during the 
landward advance of the beach ridge. Beach cusps redeveloped on the seaward 
side of the beach surface during the regression of the sea following the maximum 
high high tide. 

In the Lyons quarries (Fig. 6) southward-dipping cross-bedded laminae 4, 
though they were probably deposited on the shoreward side of ancient barrier 
bar of which the general treiud was eastward, correspond with the uneroded sedi- 
ment left on the beach after the storm at Balboa. The course of the ancient bar at 
Lyons seems to have been modified by the storm waves and currents that des- 
troyed the upper part of the bar and formed the surface B which corresponds with 
the posi-storm surface of the beach at Balboa. Surface B at Lyons seems not to 
have been buried immediately as was the post-storm surface at Balboa; or if 
surface B was buried, subsequent storms cut deep enough into the overlying 
materials to transect surface B in places. Surface B then becomes a composite of 
surfaces each with a slightly different attitude (Fig. 5), thus developing structures 
like ridge J and scoop-like embayment J (Fig. 6). Surface B, following its ultimate 
completion, is then buried by cross-laminated westward-dipping sediment F in 
Figure 6. These sediments are comparable with those deposited on the landward 
side of the beach crest at Balboa. 

Surface C in Figure 6 and westward-dipping laminated sediment E result from 
a later similar sequence inasmuch as they resemble surface B and laminae F 
but overlie them. 

Cross-laminated sediments G and H (Fig. 6) are deposited on eastward- 
sloping surfaces transecting westward-dipping laminae, thus corresponding with 
sediment left on the seaward-sloping surfaces that cut the landward-dipping 
laminae at Balboa following the high high spring tide. Sequence B, F, G is followed 
by sequence C, E, D, H, and it should be understood that probably many similar 
but unrecorded sequences took place before these two recorded sequences 
managed to become a part of the permanent geologic record. 

The crude parallelism of strikes of laminae, except across major breaks like 
surface B cut into laminae A; and the opposition of dips in sheaves of laminae, 
as G against F or H against E, are not readily explained except by a shore-process 
hypothesis. 

Uniform sorting as to size within individual laminae and abrupt contrast in 
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size from lamina to lamina are distinctly characteristic of recent beaches* and 
are present in the Lyons sandstone. 

Minor original structures like swash mark and backwash mark are not easily 
misinterpreted. Their presence in the Lyons sandstone is a eon argument in 
favor of a shore-process hypothesis of origin. 

From these several physical features of the Lyons sandstone comes the con- 
viction that shore processes have played a very important part in deposition; 
not, however, to the exclusion of the wind as an important secondary agent. 
This is natural, as can be verified by the examination of any recent shore. 
Almost invariably, present-day beaches are involved with dunes; hence, there is 
no reason to suppose that Permian beaches were not similarly involved. 

Dune sands contain extensive, though undulating truncating surfaces; but 
these surfaces are not like the plane surfaces which characterize the Lyons sand- 
stone. The attitude of laminae of dune sands, moreover, is extremely variable 
both as to direction and angle of dip. Dune sands do not display the approximate 
parallelism of strike which characterizes laminae of both the Lyons and modern 
beaches. Hence, deposition of the Lyons does not seem to result primarily from 
eolian activity. That dunes did prevail at times is adequately recorded south- 
west of Lyons on South St. Vrain Creek by the lense of sandstone containing 
typical eolian frosted grains of two sizes, the larger of which composes the smaller 
percentage (Fig. 11). 

Once the general concept of beach origin is accepted, numerous otherwise 
seemingly passive considerations fall into place in the general scheme. Their 
collective weight presents compelling argument in favor of the involvement of 
shore processes. 

Thus, the widespread distribution and the uniform thickness of the Lyons are 
adequately accounted for; the questionable bubble impressions and kelp imprints 
become probabilities; and the interstratified relations of Lyons with arkosic Foun- 
tain sediments denotes contest between the activity of streams pushing the shore- 
line seaward by the deposition of fluvial sediment and the activity of waves and 
littoral currents transgressing landward by reworking these stream sediments. 
That both processes alternately succeed temporarily is recorded in the successive 
alternation of fluvial arkose and beach sand. That this alternation should result 
in the formation of local lagoons or basins in which the gypseous and calcareous 
sediments of the northern part of the area could be deposited, seems probable. 
That places appear where either or both of these gypseous or calcareous sedi- 
ments is absent and is apparently substituted by red sandstone, seems fitting. 
That occasionally a few brackish-water forms of invertebrates appear, is to be 
anticipated in the inferred environment. 

To the foregoing implications should be added the fact that both below and 
above the Lyons, in the adjacent stratigraphic column, thin layers of fossiliferous 
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limestone of undoubted marine origin are interstratified with continental sedi- 
ments. This indicates the alternate presence in the same area of agents which 
deposit both marine and continental sediments. Hence, there must have been 
alternate transgression and regression of the sea across such places as contain, 
interstratified, both continental and marine sediments. Since this is precisely the 
condition in nature under which beaches develop, the presence of an ancient 
beach with this part of the late Paleozoic section is to be anticipated. Barrell* 
points out that beaches, if they are to become a permanent part of the geologic 
record, require for preservation very special geological conditions. The preserva- 
tion of a Lyons beach seems to be readily explained by abrupt burial of the Lyons 
sediment by rapidly deposited overlying Permian-Triassic redbeds of the Lykins 
formation. 

The foregoing accumulation of characteristics point to the conclusion that the 
dominant agent of deposition of the Lyons sandstone is a shore process involving 
waves and littoral currents. 


AGE AND CORRELATION 


The Lyons sandstone contains no fossils from which its age might be estab- 
lished. Three sets of facts when combined, however, seem to link the formation 
with Middle Permian strata of West Texas. Not improbably the Lyons is no 
older than Leonard and no younger than Guadalupian (Word). 

1. Fossils are found in two localities: where the Lyons is interstratified with 
beds which are probably of Leonard in age. Near Table Mountain in northern 
Colorado (Livermore Quadrangle), typical Lyons sandstone underlies the upper 
Satanka tongue (Fig. 2). Within this tongue stratified gypsum, red sandstone and 
shale, and thin limestone strata are closely interbedded. At least three of the 
limestones contain invertebrate fossils. Renfro* collected and described the 
following: 

Allula squamulifera Girty; Bellerophon sp.; and Aviculopecten jodiae Renfro 
n. sp. Renfro finds both Allula and Aviculopecten in the Satanka shale of south- 
east Wyoming and in the Kaibab limestone of southern Utah. On the basis of 
these and other invertebrates in the Satanka of southeast Wyoming, he thinks 
that the Satanka, the Lyons, and that part of the Kaibab limestone which con- 
tains ‘‘Bellerophon beds” are of the same age. Inasmuch as Baker and Williams™ 
state that the Kaibab contains a marine fauna which generally is considered to 
be of approximately the same age as the fauna of the Leonard formation of West 
Texas, Renfro’s age correlation seems probable. 

In Perry Park north of Colorado Springs, a thin limestone bed above the 


* Joseph Barrell, ‘Relative Importance of Continental, Littoral and Marine Sedimentation,” 
Jour. Geol., Vol. 14 (1906), p. 444. 
33H. B. Renfro, personal communication (1941). 


* A. A. Baker and James Steele Williams, ‘Permian in Parts of the Rocky Mountain and 
Colorado Plateau Region,” Bull. Amer. Assoc. Petrol. Geol., Vol. 24, No. 4 (1940), p. 621. 
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Creamy sandstone also contains invertebrate remains. Newell® says of these fossils 


. .. contains species which clearly belong to the so-called Lykins fauna of George Girty. 
...A Myalina...similar to a species from the White Horse formation. .. appears 
certainly of Permian age . . . probably equivalent to the Guadalupian or Ochoa. 


The Lyons sandstone and its equivalent, the Creamy, underly these thin, 
fossil-bearing limestone beds. At the Table Mountain locality, the Lyons is 
175 feet above the top of the Ingleside formation which Miller and Thomas*® 
consider equivalent to the upper part of the Casper formation. They believe that 
the Casper is probably Upper Pennsylvanian rather than Lower Permian; hence 
the Lyons sandstone is younger than Upper Pennsylvanian, but older than the 
thin limestones which are correlative with either the Kaibab or the White Horse. 
This suggests that the Lyons is either Leonard or Guadalupian (Word). 

2. Baker and Williams*’ indicate that the Kaibab is interstratified with the 
Coconino in southern Utah. The occurrence of animal tracks, Laoporus 
coloradoensis (Henderson) and Paleohelcura, in both Lyons and Coconino sand- 
stones suggests the correlation of the Lyons with the Coconino, hence Kaibab, 
and supports the evidence from invertebrate remains. 

3. In western Colorado recent studies of well cuttings and surface sections by 
the writer disclose the fact that the so-called Weber sand of the Rangely oil field 
thins eastward gradually, eventually to disappear among the red sediments on 
the west slope of the Gore Range about 1o miles east of Eagle, Colorado. For 
convenience, this sandstone is referred to as the “Schoolhouse sand” because of an 
excellent typical outcrop near a schoolhouse east of Meeker, Colorado. In certain 
sections the lithologic character of the “Schoolhouse sand” is remarkably similar 
to that of the Lyons on the east side of the Front Range. Moreover, the position 
of the “Schoolhouse” below thin platy limestones almost identical with those of 
the ‘“‘Crinkled limestone” (Forelle) of the Front Range strongly suggests that the 
“Schoolhouse sand” is the approximate equivalent of the Lyons sandstone. If 
this correlation is accepted, the “Schoolhouse” becomes upper Weber (probably 
Coconino) and again the indirect linking of the Lyons with the Kaibab through 
Coconino is suggested. 

Inasmuch as all three inferences, even though sketchy in places, lead to similar 
conclusions regarding age, the Lyons is probably Middle Permian, approximately 
equivalent to the Leonard formation of West Texas. 


% Norman D. Newell, personal communication (1940). 


% A. K. Miller and H. D. Thomas, ‘“‘The Casper Formation of Wyoming and Its Cephalopod 
Fauna,” Jour. Paleon., Vol. 10, No. 8 (December, 1936), pp. 723-24. 


37 A. A. Baker and J. S. Williams, op. cit., p. 622. 
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SAMPLING AND EXAMINATION OF WELL CUTTINGS! 


JOHN M. HILLS? 
Midland, Texas 
ABSTRACT 


Samples of well cuttings are one of the chief sources of information concerning the formations of 
the subsurface in the Mid-Continent and Permian basin areas of the United States. By careful use in 
applying the methods of collecting and preparing these samples as described in this paper, it is possible 
to obtain cuttings samples which are truly representative of the formations penetrated. By micro- 
scopic examination of these samples, it is possible to prepare descriptions and plotted logs which give 
an accurate picture of the rocks penetrated. These logs can be correlated so as to reveal the strati- 
graphic conditions in the subsurface and trace time horizons through various facies variations of the 
subsurface formations. These time horizons can be used in the structural interpretation of the region. 

Detailed descriptions of cuttings samples from pay sections can be used, by methods outlined in 
this paper, in making estimates of oil and gas recovéry from a field, in reservoir studies, and in guiding 
well remedial work. 


INTRODUCTION 


While the techniques described in this paper have been learned during 14 
years of subsurface work, the writer does not wish to give the impression that 
they are original with him. They are rather the results of many years experience 
of hundreds of geologists engaged in cuttings sample work, which are summarized 
especially for the benefit of those entering the profession or setting up subsurface 
departments in other regions. 

Well cuttings are the source of most subsurface data obtained in the Mid- 
Continent and Permian basin areas of the United States. The collection and 
examination of samples of these well cuttings are highly organized and important 
techniques. In fact, in most holes in this province, well cuttings are the only 
reliable source of data concerning the formations penetrated. Logs made by ex- 
perienced cable-tool drillers are very useful, but under present conditions these 
are rare. It is usual to find the drillers’ log made by an inexperienced or unin- 
terested rotary driller. Such a log gives only a general idea of the formations 
drilled, especially in areas where there is a distinct formation change between 
wells. 

Of all the methods of obtaining information concerning rocks cut by the 
drill, cores are probably the most reliable. In soft unconsolidated formations 
these cores can be taken rapidly and with comparatively little expense, by means 
of a wire-line core barrel. However, in the Mid-Continent and Permian basin 
areas most of the rocks are well lithified and many are extremely hard. For this 
reason wire-line core bits wear out rapidly and cores are usually obtained by use 
of conventional core barrels which are capable of cutting a maximum of 20 feet 
at one time. Naturally this makes complete coring extremely expensive especially 


1 Manuscript received, August 4, 1948. 

2 Consulting geologist. The writer is especially indebted to W. D. Anderson, who taught him the 
fundamentals of sample examination; to William Y. Penn for the pictures of porosity; to E. Russell 
Lloyd who suggested the writing of this paper and has been generous with help and suggestions; and 
to John Emery Adams and W. W. West who kindly read and criticized the manuscript. 
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in deep holes. Recently a new technique of coring with diamond-studded core 
heads has been developed which may lead to much more extensive coring. It is 
possible that in the future as much as 100 feet of core may be taken at one time 
by means of a diamond bit without coming out of the hole. This may render 
practicable coring of complete sections of deep holes. 


ELECTRICAL LOGS AND RADIOACTIVITY LOGS 


Electrical-resistivity and self-potential logs have almost supplanted cutting 
samples and cores in areas where the stratigraphic section is shale and sand and 
where salt beds do not contaminate the drilling mud. However, in areas where the 
section is composed of several kinds of rock, especially where limestone and anhy- 
drite are abundant, electrical logs must be used with sample logs since the 
lithologic variety and high resistance of the rocks introduce many unknowns into 
the interpretation of the log. Thus, it is impossible to solve the problem without a 
sample log which will enable one to eliminate many of the possible solutions. 

In limestone reservoirs it is very difficult to recognize the fluid content of the 
reservoir rock by use of electrical logs without additional information from testing 
the well, because the high resistivity of the limestone and the sulphur water 
commonly present mask the resistivity effects of the other fluids in the formation. 
However, electrical logs are useful for correlation in local limestone reservoirs 
where the section is well controlled by logs from sample cuttings. One fact that 
should be remembered in using electrical logs is that rock-salt beds cut by the bit 
cause a salty mud with a very low electrical resistance, that results in a featureless 
self-potential curve which is useless in making correlations. 

Radioactivity logs are also useful as an auxiliary to sample logs. Here, also, a 
wide variety of rock and fluids in the stratigraphic column results in several pos- 
sible interpretations for the curve, and a sample log is necessary for the correct 
solution. Radioactivity logs are sometimes very useful in logging old wells that 
have already been cased off or wells where mechanical difficulties have prevented 
taking a representative set of cuttings. Radioactivity neutron logs are probably 
more useful than resistivity logs in indicating a fluid zone, but it is not possible 
from the neutron log alone to determine whether the fluid content of the forma- 
tion is oil or water. 

Thus, in areas where consolidated formations are encountered, examination 
of well cutting samples is generally the easiest and least expensive method of de- 
tecting changes in the formation and determining the stratigraphic section pene- 
trated by any well. Much subsurface geologic work depends on the collection of 
representative samples of the formation penetrated, describing these samples ac- 
curately, and plotting the description so that the sections in different wells may 
be correlated. 

CABLE-TOOL SAMPLES 


The collection of cuttings samples from cable-tool wells presents compara- 
tively few difficulties. The samples should be collected from the first bailer after 
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each run of the bit, in a bucket hung at the end of the dump box. These samples 
should be washed enough to carry off all mud. They should be put in cloth 
sacks, then labeled with the name of the company, name of the farm, number of 
the well location, and depth of sample. The hole is, of course, bailed clean each 
run of the bit and only occasionally are cavings a problem in consolidated forma- 
tions. 
In drilling bentonitic shales, quicksands, or conglomerate, the hole ordinarily 
caves readily so that the samples are not entirely reliable. When high pressure 
gas is encountered, the hole is commonly filled with water or light mud to control 
the gas. This ordinarily results in samples being finely ground and much material 
is washed off the upper parts of the hole, which contaminates the samples. The 
same condition results from drilling ahead in a hole full of water coming from the 
formation. Generally, under these conditions, pipe is run before much hole is made 
so that the number of poor samples is comparatively small. Where wire line or 
tools have been lost in the hole and must be drilled up, some samples contain 
large amounts of iron. This can be removed by means of a magnet and the 
residue of the sample examined. Surface rock and other materials sometimes are 
thrown into the hole in attempting to straighten it. 

The problem of checking the depth at which samples are taken is not critical 
with cable tools, since the depth is checked by sand line on the bailer after each 
run. However, important datum beds in the section should be checked for depth 
by stringing in the sand line or by running a steel measuring line. Cable-tool 
samples differ from rotary samples by the general flaky character of the harder 
formations and by the polishing and rounding of many cuttings from attrition 
due to turbulence set up by the bit, and the irregular intervals at which they are 
taken, since the length of bit runs are determined by the character of the forma- 
tion and mechanical factors. 


ROTARY SAMPLES 


The collection of rotary samples presents many more difficulties than the col- 
lection of cable-tool samples and for many years it was considered impossible to 
obtain reliable samples by this method of drilling. It is still difficult to obtain 
representative samples from rotary holes in unconsolidated formations, but a 
technique has been worked out whereby representative samples can be obtained 
in consolidated formations. These samples are taken from the returning fluid 
stream at regular intervals. The sample interval is usually 5 or 10 feet, but may be 
as small as 1 foot or as large as 30 feet. The chief problems in collecting samples 
of rotary cuttings are to prevent contamination with upper beds, prevent powder- 
ing of the sample, prevent loss of the sample, prevent elutriation, to obtain correct 
depth measurement, and to wash and properly dry the samples. 


CONTAMINATION FROM UPPER BEDS 


Contamination from upper beds is the chief problem of collecting rotary 
samples. In the early days of rotary drilling before mud building was fully under- 
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stood, the walls of the hole were poorly plastered and unstable. Thus, the samples 
contained large amounts of extraneous material. The practice of considering any 
new material appearing in the samples as composing the entire content of the 
formation drilled then became general and any other material was believed to be 
cavings. At present, however, the treatment of rotary muds has advanced so 
that usually a properly mudded rotary hole caves very little and the percentage 
content of the sample may be taken as representative of the types of rock in the 
interval covered. This enables the geologist to follow very closely the lateral 
gradations in the section. 

It should be emphasized that the geologist must work with the drilling super- 
intendent to insure the maintenance of proper mud in the hole not only for the 
sake of drilling progress but also for the securing of representative cuttings 
samples. The mud must have a gel strength and viscosity sufficient to bring the 
cuttings to the surface without recirculation and regrinding. It must be also 
capable of cushioning the impact of the drill pipe against the walls so as to pre- 
vent powdering of the samples. Once on the surface, the mud should be run 
through pits sufficiently large to insure settling of all the cuttings so that they 
will not recirculate. A shale shaker will insure complete separation of the larger 
cuttings and the mud. 


POWDERING OF CUTTINGS 


The powdering of the sample to a size too small to be examined effectively 
under the binocular microscope is largely due to poor mud which allows regrind- 
ing of the sample by the bit and powdering by whipping of the drill pipe against 
the walls of the hole. When extraordinarily large cuttings are needed for analysis 
of porosity and permeability or for other purposes, it is helpful to circulate in 
reverse of the usual manner, that is, to pump the mud down between the casing 
and drill pipe and up through the drill pipe. This results in higher mud velocities 
returning through the drill pipe which brings larger cuttings from the bottom as 
soon as they are chipped off by the teeth of the rock bit. Some of these cuttings 
are 3—2 inch across. 

Reverse circulation is especially useful when drilling into low-pressure forma- 
tions, by using oil as drilling fluid as it prevents any of the fine oil-borne cuttings 
from plugging the pores of the formation. In regular circulation with oil, the low 
viscosity of the oil will not carry out the cuttings and they are commonly re- 
ground to a fine putty-like mass which is useless for examination and has a 
plugging effect on low-pressure pays. Of course, reverse circulation is not neces- 
sary in high-pressure gas or oil pays since the high pressures tend to increase 
the velocity of the circulating fluids and carry the cuttings out of the hole. The 
advantages of using a water-free drilling fluid in low-pressure oil pays are com- 
bined with the advantages of a high-viscosity mud in carrying out the cuttings 
and cleaning the formation in oil-base muds recently developed. With these muds 
it is not necessary to use reverse circulation to obtain cuttings large enough for 
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visual examination. However, since methods have been recently developed for 
determining porosity and permeability from extra large cuttings obtained by 
reverse circulation, this method undoubtedly still will be used to some extent in 
pay sections. 


LOSS OF CUTTINGS 


Loss of cuttings samples is due to two chief causes: lost circulation, and blow- 
outs. Both of these are primarily mud problems. Lost circulation is caused by 
either too high water loss in the mud or by excessively heavy mud which over- 
comes the formation pressure of a porous or fractured bed so that the mud 
enters the pores or fractures. The cuttings are then carried into the porous beds 
and may not ever be recovered unless the well is completed in this zone and the 
cuttings come out later with the oil. Blow-outs are caused by unexpectedly high 
formation pressures or by carelessness in handling the mud. The cuttings are 
blown out of the hole and not recovered. 


ELUTRIATION 


Elutriation or separation of the coarse from the finer part of the sample by the 
upward movement of the circulating fluid is due to the use of mud with low 
viscosity and gel strength. In a good mud the cuttings are held in suspension and 
there is little change in the relative position. 


METHODS OF OBTAINING CORRECT DEPTHS 


Obtaining proper depth measurement for rotary cuttings is another major 
problem. The depth of the well must be checked often either by steel measuring 
line or by measuring the drill pipe under tension. Attention must be given con- 
stantly to see that the crew catches the samples at the proper intervals and that 
they do not anticipate the sample by filling several sacks at one time. 

A great help in assuring correct sample depth is to have the driller keep a 
record of the drilling time on a form, such as Table I. Each interval, 1, 5, or 10 
feet, depending on the importance of the section, is shown on this sheet with the 
time drilling began, the time it ended, the time taken out for mechanical work, 
and the net time drilling. These intervals are usually marked on the kelly with 
grease or chalk and checked by the pipe measurement each time the kelly is 
drilled down to the derrick floor. In addition to assuring the correct depth of the 
samples, the drilling time gives a very valuable clue to the nature of formations 
penetrated as the time of drilling has a very close correlation with the lithologic 
character of the formation. This drilling time also may be taken with a mechani- 
cal device. 

In pay sections where the exact measurements are very important or in deep 
holes where the cuttings take a long time to come to the surface, samples should 
be labelled with the depth at which they are actually cut rather than the depth of 
the well at the time they come to surface. This is accomplished by placing some 
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easily identifiable substance, such as rice or corn in the drill pipe at the derrick 
floor when making a connection, and measuring the time required to bring the 
substance around to the shale shaker or return pipe. If regular circulation is being 
used, it can then be calculated from the pump pressure and volume handled how 
long the mud requires to go from the derrick floor through the drill pipe to the 
bit, and this subtracted from the total return time gives the time necessary for 


TABLE I 
EXAMPLE OF DRILLING-TIME ForM 
COMPANY. NO. FARM. 
LOCATION. COUNTY. STATE. 
MUD 
WEIGHT ON DRILL PIPE________. MUD WEIGHT. R.P.M. VISCOSITY. 
DEPTH DRILLING TIME 
Frou | TO BEGAN ENDED TIME OUT—REMARKS 


ACTUAL TIME IS TIME SPENT IN DRILLING. SHUT-DOWN TIME, ROUND TRIPS, CHANGING BIT, REPAIRS, 
ETC., ALSO CONDITION AND TYPE OF BIT SHOULD BE NOTED UNDER “REMARKS,” 


the samples to come from the bit to the surface. Unless it is known that the hole 
is in extraordinarily good shape with no washed-out places, it is not satisfactory 
to calculate the return time from the bit by mud volume and velocity, because 
some eddying and consequent lowering of the mud velocity takes place in all 
washed-out places. If it is not possible to determine the sample return time 
from experimental methods of calculation, a rule of thumb is that under ordinary 
mud pressure with 7- or 8-inch hole, it will take cuttings about 10 minutes per 
1,000 feet to return from bottom. 

After the return time of the sample is determined or estimated, each sample 
should be caught that length of time after the appropriate depth mark on the 
kelly reaches the rotary table. An easy way to do this is to place on the drilling- 
time sheet the time each sample should be caught. This is done by adding the 
return time in minutes to the time at which the given mark is down to the rotary 
table. This method will eliminate lag in the samples and should make the sample 
log correlate very closely with the drilling time and with the electrical log. 
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CATCHING SAMPLES 


There are many ways to catch representative samples from the returning mud 
stream. The rotary shale shaker of the Thompson type has become very common 
in recent years. This is a large cylindrical screen through which the returning 
mud stream passes, The screen is turned by a water wheel moved by the mud 
stream. Attached to the large screen is a much smaller screen with fine mesh 
through which a portion of the main mud stream is diverted, off which comes a 
small portion of the cuttings which is collected in 4 box at the end of the screen 
for visual examination. This type of screen has the advantage that it requires 
no outside power to operate it, and it catches a representative sample of the 
cuttings without any further attention from the operator or crew. However, un- 
less a very fine screen is used on the sample catcher, it will not catch all the fine 
sands. In some formations the mud will not wash out of the cuttings without use 
of an excessive amount of water which renders it unsuitable for use with low- 
water loss muds. 

Another important type of screen commonly used is the vibratory shaker. In 
this device the mud stream passes across a vibrating screen. The mud passes 
through the screen into the pits while the cuttings are vibrating off into another 
receptacle. In consolidated formations good samples can be taken by placing a 
narrow box under a part of the end of the vibrating screen so that a representative 
portion will fall into this box. However, this screen is open to the same objection 
as the Thompson machine in formations consisting of fine sands, since the fine 
sand tends to pass through the screen and not be caught in the sample. 

The simplest and possibly most reliable sample-catching device (Fig. 1) 
consists of a small-diameter nipple welded to the bottom of the mud return line 
with a 13-inch or 2-inch line running to a box about 1 foot by 1 foot by 3 feet 
with a removable gate about 6 inches high in the end. In this box a representative 
portion of the cuttings is collected and may be shoveled out at the appropriate 
time into a bucket and the box cleaned by removing the end gate and letting the 
mud stream carry out the remaining cuttings. When these are washed away, the 
gate is replaced and the collection of the next sample is begun. By this means a 
representative portion of both the fine and coarse parts of the cuttings is obtained. 
Sometimes such a box is set in the course of the main mud stream, but so many 
cuttings accumulate that the space behind the gate is filled with cuttings before 
drilling of the sample interval is completed so that the last part of the interval 
is not represented by the cuttings in the box. 

After the samples are caught they must be washed properly. This can be done 
in a bucket by filling it partly full of water and stirring the samples vigorously, 
letting the clean part settle, decanting the fluid several times until the water is 
clear and sample is ready for sacking and labeling. Sometimes the sample is 
washed in a box with a fine-screen bottom. This hastens the washing process, but 
there is some danger of losing the fine sand from the sample. When drilling with 
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oil or oil-base mud, the sample must be washed entirely free of drilling fluid be- 
fore it is dried. This can be accomplished by using hot water, although some prefer 
to wash with kerosene or gasoline before washing with water. One need have no 
fear of washing the indigenous oil stain and saturation from the sample as any 
ordinary washing will only remove the drilling oil and will not remove the natural 
oil from the formation. 

After washing, samples are commonly dried artificially. However, in samples 
showing stain and saturation this must be done with extreme caution as over- 
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PLAN VIEW 
Fic. 1.—Diagram of sample-catching device. 


heating will blacken the natural oil stain and mask the porosity as well as render it 
difficult to tell whether the formation fluid is oil, gas, or water. In extreme cases 
of overheating, red shales may be oxidized to a black color. If samples from wells 
drilled with oil-base drillin® fluid are not washed clean before drying, it is im- 
possible afterward to remove the drilling oil even by boiling the sample. In some 
cases where samples are to be used for paleontologic examination, any shale in 
the samples is digested with boiling water and soda to leave the fossils free. It is 
probably better when there is no necessity for haste in examination of the samples 
to let them dry naturally in the air rather than to dry them artificially. 

After the samples are sacked and transported to the laboratory, it is com- 
monly necessary to divide them into smaller portions for different types of ex- 
amination or for examination by different individuals. This should not be done 
by merely pouring a little off the top of the sack as ordinarily there will be a few 
large cavings on the top of the sack. These should be raked off and discarded and 
the remainder of the sack mixed so every portion will be representative. All por- 
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Fic. 2.—Very good leached oilitic porosity in Fic. 3.—Granular dolomite with good intermediate type 
dolomite. 5X. Champlin’s University 1-D. 8,030- porosity. Reverse circulated cuttings. 1oX. Penrose’s Uni- 
8,060 feet. Sec. 26, Blk. 13, Univ. Lands, Andrews versity 2. 4,465-4,470 feet. Sec. 3, Blk. 10, Univ. Lands, 
Co., Tex. Andrews Co., Tex. 


Fic. 4.—Porous dolomite, ap- 
parently part of lining of fissure or 
vug. Note covering of free dolomite 
crystals. 5X. Penrose’s University 2. 
4,400-4,4605 feet. Sec. 3, Blk. 10, 
Univ. Lands, Andrews Co., Tex. 


Fic. 5.—Isolated pin-point porosity in dolomite. Reverse circulated cuttings. 
5X. Penrose’s University 2. 4,410-4,415 feet. Sec. 3, Blk. 10, Univ. Lands, An- 
drews Co., Tex. 


Fic. 6.—Cavernous-type porosity in dolomite. 5X. Fuhrman’s Boner 
B-g. 4,365-4,400 feet. Sec. 25, Blk. A-43, Andrews Co., Tex. 
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tions or ‘‘cuts”’ of the samples should be large enough to be representative. Gen- 
erally a tablespoonful should be the minimum. 


EXAMINATION OF CUTTINGS SAMPLES 


If the samples are properly prepared as outlined in the preceding section, they 
may be examined without further preparation. However, samples may not be 
washed properly on the rig and they must be rewashed before examination. This 
is most conveniently done i:: small sauce pans. The samples are agitated in water 
and the fine mud decanted; this process is repeated until the water is clear. Ma- 
chines have been invented to help in this operation, but they are economical only 
where large numbers of samples must be washed. Drying the samples should be 
done as slowly as possible so as not to overheat and burn the sample. If a sample 
is only slightly dusty it may be prepared for examination by shaking over a 
screen of 100 mesh or finer. Some samples contain cavings which are ordinarily 
larger than the cuttings. These can be scraped off the top after agitation, and the 
residue of the sample examined. The same process helps to remove gel flake and 
other plugging materials added to the mud to control lost circulation. Iron 
particles in the samples can be removed by a magnet. 

Samples may be examined while covered with water. This method brings out 
by differential refraction some of the qualities of the sample such as odlitic struc- 
tures and anhydrite crystals which may be overlooked in dry samples. When 
examining the sample wet, it is not necessary to have them so clean as when ex- 
amining them dry since a certain amount of washing may be done in the water 
in which the sample is examined. Dry examination is more convenient since it is 
not necessary to have a number of petri trays or watch glasses with which to 
examine the samples in water. 

Cuttings samples ordinarily are examined under a binocular microscope of 
low power. The exact power used varies with the individual geologist and with 
the nature of the samples. The power should be high enough to see the essential 
structure and texture of the cuttings. Porosity coarse enough to have a permeabil- 
ity sufficient to make commercial oil production should be seen easily. Odlites, 
inclusions, and other sedimentary features should be clearly visible also. On the 
other hand, the microscope power should be low enough to permit examination 
of large numbers of samples without eye strain and should permit a field of view 
large enough to estimate percentages of the various constituents accurately with 
only a few changes in position of the sample. The powers that meet these require- 
ments vary between 12 and 24. Higher powers are used for special purposes such 
as the description of minor features of microscopic fossils. For general use, how- 
ever, in the oil industry it is not desirable to have a power higher than 24 since a 
very high power may give false impressions about the permeability and porosity 
of cuttings. 

The illumination of the microscope field is important. In the past small in- 
candescent lights which may be focused to give intense illumination have been 
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used widely. However, with the development of the fluorescent lighting tube, it 
has been found that the white light given by this tube is much superior to the 
yellowish light of the incandescent bulb. This is especially true when searching 
for oil stain in the cuttings, since the yellowish incandescent light commonly 
masks the light brown oil stain. Usually it is not practicable to focus the fluores- 
cent tube so as to give intense light for high-power work. However, for the usual 
low-power examination, the fluorescent tube is very satisfactory. In examining 
samples for oil stain and saturation it may be desirable to use an ultraviolet light. 

In examining well cuttings samples the geologist should endeavor to estimate 
as closely as possible the proportion of each rock type in the sample and to de- 
scribe the lithologic characteristics of the rock that are essential to the correlation 
of the beds. In commercial work it is not practicable to give the analytical detail 
that may be desirable in purely scientific research. The geologist, nevertheless, 
should endeavor to make the description as complete as possible in the time 
available. Necessarily, the description should be more detailed on wildcat wells 
than on field wells and much more detailed in the pay sections than in the upper 
sections. In field wells it is permissible to omit descriptions of long sections of 
comparatively insignificant beds between key beds. The geologist should remem- 
ber that it is much better to have too full a description than too meager a de- 
scription. Experience has shown that full descriptions have saved much time and 
money, whereas meager descriptions have resulted in redescription of the cuttings 
several times. Nevertheless, some redescription can not be avoided; therefore, 
samples should be carefully preserved and indexed so that they will be available 
for future study. 

There are two principal ways of describing samples. The first of these is the 
interpretative system, in which the geologist picks out the cuttings which he 
believes to be representative of the formation penetrated and describes the entire 
sample as composed of this rock. The rest of the sample is assumed to be cavings. 
This kind of description brings out formational changes and is of greatest value 
in areas where the various formations are of wide extent and relatively constant 
character, as in the Paleozoic of the Mid-Continent region. In areas of rapid 
lateral gradation in the lithologic character of formations, as in the Permian 
basin of West Texas, this method results in masking of lateral variations and mis- 
interpretation of the nature of the stratigraphic column. This, of course, results 
in miscorrelation of the well logs. 

In regions of pronounced lateral gradation it has been found that a second 
method of sample description is most satisfactory. This is the percentage descrip- 
tion, where the geologist describes all material in the sample, disregarding obvious 
foreign substances and cavings. This system, though making it difficult to deter- 
mine formational boundaries from the sample log, shows the gradations of the 
beds and often enables one to trace a horizon through different sedimentary 
facies. 

Percentage of various constituents is estimated by the eye. It has been found 
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that experienced sample examiners, using good samples, will agree very closely 
on the percentages of constituents. However, with poor samples where some 
judgment must be exercised in disregarding obvious cavings, the value of the 
description is dependent on the judgment of the geologist who examines the 
samples. Mechanical counters or calculators, such as the integrating stage, have 
not been found to give enough additional accuracy to be worthwhile in ordinary 
work. Experienced sample examiners can describe 100-300 samples in an 8-hour 
day, according to the nature of the cuttings.® 

The descriptions may be written out or plotted directly on a log strip. For 
many purposes, it is desirable to make written descriptions, since the logs can be 


TABLE II 
EXAMPLE OF SAMPLE-DESCRIPTION FoRM 
OPERATOR NO. LEASE COUNTY. 
BLOCK 
SECTION LEAGUE SURVEY 
LABOR TWP. RANGE FOOTAGE 
ELEVATION. T.D DATE EXAMINED BY. 
DEPTH ANHY 


LIME OR DOLOMITE 


FROM; TO 


plotted in several places at the same time and a record is kept which is not subject 
to destructive wear as is the plotted log which is used constantly in the field and 
laboratory. A type of description form is included (Table II). In addition to the 
constituents shown on this form, others may be specified according to the nature 
of stratigraphic sections in the aréa worked. Pyrite and differently colored shales 
will be the most likely additions. In areas where sand production is impor- 
tant, separate columns for porosity and saturation in sandstone may be desirable. 

Color of the rock fragments in cuttings samples is a very important attribute. 
At present there is a wide variation in the descriptions of color by subsurface 


3 A full description of sample examination as applied to stratigraphic work is given by L. H, 
Lukert, Oil and Gas Jour. (June 17, 1937), Pp. 49-51. i 
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geologists. The same rock may be described as tan by one and brown or gray by 
another. It is desirable in any organization attempting to start sample examina- 
tion work to standardize some color scheme, possibly that being developed by the 
inter-society committee.‘ 

Size of particles in dolomites and limestones is another matter on which sub- 
surface geologists vary. The following table gives tentative scale of crystal sizes 
which was developed by the West Texas Geological Society several years ago. 
It would be to the advantage of anyone undertaking sample description for the 
first time to adopt a scale with appropriate abbreviations for the sample-descrip- 


tion sheets.® 


TABLE III 
TENTATIVE SCALE OF CRySTAL SIZES IN DOLOMITES AND LIMESTONES 
Descriptive Adjectives Crystal Diameter 
1. Mat Invisible 
2. Microcrystalline Less than 10 mm. 
a. Cryptocrystalline Less than 0.02 mm. 
b. Finely crystalline 0.02 to o.I mm. 
c. Mediocrystalline 0.1 to 2.0 mm. 
d. Coarsely crystalline 2.0 to 10 mm. 
3. Megacrystalline 
DEFINITIONS 


Mat.—Compact, exceptionally homogeneous; having a dull oe even surface under low-power binocular microscope; re- 
t mat di 


sembling limestones used in lithography; as, a 
Microcrystalline.—Having crystals less than 10 mm. long; inales crystals small enough to be viewed under low-power binocu- 


lar microscope 
Cryplocrystalline —Indistinctly crystalline; showing very small, indistinct crystal faces; composed of crystals too small to be 


measured under low- -power binocular microscope 
Megacrystalline—Having crystals 10 mm. or more in length; having crystals too large to be readily discernible under low- 


power binocular microscope. 


POROSITY, PERMEABILITY, AND OIL STAIN 


Description of the porosity, permeability, and oil stain of cuttings samples is 
one of the most important parts of the sample examiner’s work. In sandstone, 
the porosity is determined by the size of the grain, the sorting, and the amount 
of the cement present. The grain size should be described by some standard scale 
such as Wentworth’s® or Alling’s.” The sorting is dependent on the proportion of 
fine minerals present, such as silt or shale, or the proportion of large grains, such 
as large frosted quartz grains commonly found in the Whitehorse section of the 
Permian basin. The amount of cement also largely determines the porosity which 
is at a maximum in free unconsolidated sands and minimum in quartzite. The 
permeability is largely determined in the same manner as porosity, but here the 
size of grain and the sorting are most important. 

* Ronald K. DeFord, ‘‘Rock Color Chart for Field Geologists,” Ball. Amer. Assoc. Petrol. Geol., 
Vol. 31, No. 10 (October, 1947), pp. 1903-04. 


5 A more elaborate scale is advocated by Ronald K. DeFord, ‘‘Grain Size in Carbonate Rocks,” 
Bull. Amer. Assoc. Petrol. Geol., Vol. 30, No. 10 (November, 1946), pp. 1921-28. 

6 C. K. Wentworth, ‘‘A Scale of Grade and Class Terms for Clastic Sediments,” Jour. Geol., Vol. 
30 (1922), pp. 377-92. 

7H. L. Alling, ‘‘A Metric Grade Scale for Sedimentary Rocks,” Siar. Geol., Vol. 51 (1943), PP. 
259-69. 
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Oil stain and odor are very important and much experience on the part of the 
sample examiner is required to estimate these accurately. Dry gas will not stain 
sandstone, but wet gas may show a very light tan stain. Oil is commonly darker, 
but very high-gravity oil shows no more stain than the gas. Porous sand, contain- 
ing no stain whatsoever may be suspected of carrying water. In examining 
samples of oil stain, it is very convenient to have a fluoroscope. This may detect 
very light stains of high-gravity oil which are not obvious in ordinary light. Best 
results in detection of oil stains are obtained with mercury vapor lamps emitting 
light, with wave lengths ranging from 3,300-3,800 Angstrom units. Lamps giving 
light of shorter wave lengths, such as the quartz tube, cause fluorescence of oil, 
but also cause much mineral fluorescence in the sample which may confuse the 
observer. 


USE OF CUTTINGS DESCRIPTIONS IN STUDY OF LIMESTONE RESERVOIRS 


Limestones and dolomites form important oil reservoirs, and cuttings descrip- 
tions furnish one of the chief sources of information concerning them. There are 
two chief types of porosity in these rocks. The first is intergranular porosity which 
consists of openings between the crystals, odlites, or other discrete particles of the 
rock which in its geometry is similar to sandstone porosity. The second is fracture 
porosity (or foramenular porosity of Bulnes and Fitting*) which consists of large 
openings through otherwise solid masses, such as fractures and vugs. 

The intergranular porosity is easily observed under the binocular microscope 
where the tiny openings may commonly be seen connected with each other. The 
larger openings are not ordinarily visible in their entirety under the microscope 
but are indicated by irregular surfaces lined by crystals which have been formed 
in a comparatively large cavity. These large openings are much more difficult to 
detect than the smaller pores and ordinarily they have gone unnoticed unless 
indicated by the drilling-time or the manner of drilling. Permeability in the frac- 
tures or foramenular porosity is almost impossible to determine under the micro- 
scope since there is no means of knowing how far apart the walls of the large 
openings originally were. 

Permeability in intergranular porosity can be estimated qualitatively by 
noticing the size of the pores and their apparent interconnection. In general, the 
larger the pores the higher the permeability. The converse, however, is not always 
true. Some dolomites showing very fine porosity are shown by core analysis to be 
surprisingly permeable. However, one type of porosity is non-permeable almost 
without exception. This is called pin-point porosity and consists of small isolated 
holes. Some of these holes contain small amounts of asphaltic material and even 
may contain live oil and gas, but commercial production is not developed from 
them. So far, no quantitative results about porosity and permeability have been 


8 A. C. Bulnes, and R. U. Fitting, Jr., ‘An Introductory Discussion of Reservoir Performance 
of Limestone Formations,” Petroleum Development and Technology, 1945, Petroleum Division, Trans. 
Amer. Inst. Min. Met. Eng., Vol. 160, pp. 181-201. 
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obtained from ordinary cuttings. However, the coarser reverse circulation 
cuttings have been analyzed for porosity and permeability with favorable results. 

An interesting method of reproducing and visualizing these pore spaces is 
presented by Nuss and Whitney,® who impregnated limestones with plastic and 
then dissolved the limestone with acid, leaving a model of the porosity as a 
residue. 

Oil and gas stains are ordinarily readily detectable in limestones and dolo- 
mites. The heavy sour oils, as found in the Upper Permian, leave a dark brown 
stain which is unmistakable. Lighter oils of the Lower Permian rocks show good 
stains while the very light oils found in the Lower Paleozoic strata leave an ex- 
tremely light stain which is difficult to detect under incandescent light, but may 
be seen in white or ultra-violet light. Since most gases carry a small amount of 
light oil with them they will show slight stains in limestones. Gas-oil contacts 
commonly can be recognized accurately by the darkening of the stain at the top 
of the oil column. Water may be indicated by lightening of the stain and black 
asphaltic residues in the samples. Many dolomites have a characteristic sheen on 
crystal faces within the water zone. However, a well oil-stained section may 
produce water upon test. This may be attributed to later movement of the 
structure which causes shifting of the water table. 

In concluding the discussion of cuttings description, it should be said that no 
rigid rules can be given for guidance in describing samples. Each geological 
province and each geological organization have their own problems which must 
be worked out individually. Since the stratigraphic sections penetrated by wells 
are as varied as those on the surface, there can be no substitute for experience and 
judgment on the part of the geologist. Description of samples should never be 
allowed to degenerate into a mere mechanical process. The better the geological 
background of the person examining samples, the better will be the description. 


PLOTTING 


After the description of the samples is made, it must be plotted in graphic 
form to make the information easily available for correlation and study. It is 
usual to plot this material on a narrow strip of heavy paper or cardboard so that 
a large number of logs can be laid out to compare and correlate the sections. A 
3-inch width has been found to be most convenient for this purpose. Upon this 
3-inch strip the lithologic characteristics are plotted on a column }-$ inch wide 
with a vertical scale of 1 inch equals roo feet. On this column each ro feet (1/roth 
inch) is marked so as to facilitate plotting. The rest of the log strip is used for 
notes on lithologic characteristics that are not easily plotted as symbols. It has 
been found in plotting the lithologic characteristics that strong contrasting colors 
facilitate correlation and comparison of the sections. While no standard system of 
symbols has been adopted, the following colors are widely used. 


® W. F. Nuss, and R. L. Whitney, “Technique for Reproducing Rock Pore Space,” Bull. Amer. 
Assoc. Petrol. Geol., Vol. 31, No. 11 (November, 1947), pp. 2044-49. 
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Light blue =Calcareous limestone 
Dark blue= Dolomite 

Red=Red shale 

Gray =Gray shale 

Yellow =Sandstone 

Green=Salt 

Purple=Anhydrite 


Other colors may be added for local necessities. It has been found very helpful 
also to plot the drilling time next to the lithologic column on the log strip. In the 
case of mechanically taken drilling time, a copy of the graph is plotted; with 
manually taken drilling time, the plotting is done as bar graphs—the common 
scale being 1 inch equals too minutes of drilling time. 

Porosity and oil stain in the samples are indicated by symbols on either side 
of the lithologic column. These symbols may be either in ink or in suitable colors. 
It is very helpful to make some distinction as to probable gas or water stain even 
though these fluids can not be differentiated certainly from cutting examination. 
Sharp changes in lithologic character should be indicated plainly on the plotted 
log. This usually is done best by having the geologist who examined the samples 
check the plotted log and indicate where he believes the formation boundaries 
should be, because their exact position is commonly difficult to determine from 
the written description alone. 

All tests and showings should be indicated on the margin of the log strip. 
These should include all drill-stem tests in rotary wells, and amount and kind of 
fluid in cable-tool holes. It is also helpful to indicate any swabbing tests taken, 
the acid used, amount of nitroglycerine used and section shot, and perforations 
in the casing. Casing seats should be indicated on the margin of the log with a 
notation of the diameter of the casing and the amount of cement used in setting 
the casing. Total depth, location, and initial production of the well should be 
shown in the heading of the log strip. 


USING SAMPLE LOGS 


The first use of these sample logs is stratigraphic correlation, by laying the 
logs alongside each other and matching bed for bed as far as possible. In doing 
this the geologist must keep in mind probable lateral gradation, probable con- 
tamination of samples, and probable changes in intervals from one horizon to 
another. Care should be taken not to correlate over any greater distance than is 
necessary. For correlation purposes one tries to select wells close together and ex- 
tending as far as possible along the lithologic strike. This information can be 
used for construction of cross sections! and stereograms" to show stratigraphy. 

After these correlations are made and the stratigraphic section established, 
zones can be found whose tops will make good index beds for structural mapping. 


10 John M. Hills, ‘“Rhythm of Permian Seas,” Bull. Amer. Assoc. Petrol. Geol., Vol. 26, No. 2 
(February, 1942), pp. 217-55. 
* Frank E. Lewis, “Position of San Andres Group, West Texas and New Mexico,” ibid., Vol. 25, 
No. 1 (January, 1941), pp. 73, footnote 1. 
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In selecting such horizons one must consider that the depths of samples from 
which the logs were made may not have been corrected for the lag in coming to 
the surface. Therefore, especially in zones far below the surface, the geologist 
must allow for this correction or must correct his datum annie by the drilling 
time if available. 

Another important use of sample logs and descriptions is in the analysis and 
evaluation of any pay zone, especially in limestone reservoirs. This may be done 
by tabulating the pay sections in columns, as shown in Table IV. The first column 
shows the depth of each sample i in the pay section, the second column shows the 
net feet of pay which is the percentage of porosity and saturated material in the 
sample times the sample interval, and the next columns give the quality of the 


TABLE IV 
DETAILED RECOVERY EsTIMATE, UNIVERSITY WELL No. 2, ANDREWS County, TEXAS 
“— in Net Feet Net Feet Net Feet Net Feet Acre-Foot Recovery 
‘eet Remarks Slight Fair Medium Good Recovery Per Acre 
Porosity Porosity Porosity Porosity (Barrels) 
4380-85 Stained I 75 75 
go Stained I 75 75 
4400-05 Sat. v. sl. por. 2 50 100 
10 Sat. oolitic 3 100 300 
15 Sat. isolated por. 3 50 150 
20 Sat. gran. v. 
SI. por. 4 50 200 
25-30 Sat. v. sl. por. 4 50 200 
35 Sat. v. sl. por. I 50 50 
4° Sat. v. sl. por. 2 50 100 
45-50 Sat. sl. por. I 100 100 
55 Sat. gran. 2 125 250 
65-75 Sat. 4 150 300 
4500-05 Stained I 75 75 
10 Sat. I 100 100 
15-20 Sat. 75 375 
25 Sat. 5 75 375 
30 Sat. gran 5 100 500 
35 Sat. gran. 3 100 300 
40 V. sl. f. por. 5 4° 200 
45 Sat. gran 5 100 500 
50 Sat. cryst. sl. gran. 3 50 150 
55 Sat. cryst. I 2 200 600 
60 Sat. gran. 4 150 600 
65 Sat. gran. I I 200 200 
65 3 Total 5875 


pay which is the geologist’s estimate of the porosity and permeability in a qualita- 
tive manner, such as slight, fair, medium, and good. The next column shows the 
probable acre-foot recovery from the pay. This figure is derived from core 
analyses in this field if available or from sample descriptions of pay in fields 
where the ultimate recovery is reasonably well established from past production. 
The next column in the analysis is the recovery per acre, which is the acre-foot 
recovery times the net feet of pay. This gives the recovery per acre for each 
sample interval. The total of this column gives the recovery per acre for the well. 
Of course, this is a volumetric estimate of the recoverable oil from any well, and 
since limestone reservoirs are commonly heterogeneous in their composition, this 
recovery estimate falls within wide limits of error. Well spacing, of course, has a 
considerable effect on ultimate recovery. Thus, if the acre-foot recovery figures 
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are derived from wells differing in spacing from the well under analysis, due 
allowance must be made for this difference in spacing. Generally, it is found that 
this volumetric estimation is somewhat above an estimate made from pressure 
decline or production decline curves, and allowances should be made. In spite of 
its imperfections, this method of valuation is the only one available in many fields 
in which cuttings samples have been kept but no other type of reservoir informa- 
tion is available. 

A somewhat similar method may be used in the case of sandstone reservoirs. 
However, since sandstone reservoirs are much more uniform in their porosity 
and permeability it is commonly possible to assign an acre-foot recovery for an 
entire field and to obtain the ultimate recovery by multiplication of the net pay 
sand thickness in any well by the acre-foot recovery, rendering detailed pay 
analysis unnecessary. 

Logs of cuttings samples are also very useful in studying the characteristics 
of limestone reservoirs. They give some idea of volume and relative permeability 
of lenticular pay zones. They are a useful supplement to any coring program 


_ undertaken as part of a reservoir study. It is often possible to select gas-oil con- 


tacts from cutting logs so as to select points for plug-back or for packer settings 
in remedial work. 


SUMMARY 


Samples of well cuttings can be taken from both cable-tool and rotary holes 
in such a manner that the nature of the formations penetrated can be determined 
accurately. These samples can be described by a geologist and the description 
plotted so as to give a graphic section of the formations encountered in the well. 
These sections can be correlated to give a picture of the regional stratigraphy. 
From the sections, index beds can be selected for use in structural contouring. 

From the sample descriptions, volumetric estimates of ultimate well yield can 
be made, reservoir study facilitated, and well remedial work guided. 
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OSCILLATION CHART! 


MERLE C. ISRAELSKY? 
Pasadena, California 
ABSTRACT 


A chart is presented, based on the foraminiferal content of shaker samples ranging from 6,000 
to 11,760 feet from a well in the Lirette field, Terrebonne Parish, Louisiana. It is contended that the 
chart shows relative changes in depth of water at this geographic position during the deposition of 
the ‘“‘Miocene” penetrated by the drill. The method of building the chart, the reasoning behind the 
method, its possible uses and limitations are discussed. 


INTRODUCTION 


Several years ago the writer studied samples from the four wells drilled in the 
DeLarge gas field, Terrebonne Parish, Louisiana. It was concluded that three of 
the wells could be correlated throughout the penetrated marine ‘‘Miocene” 
section, and that the fourth could be correlated in part. From previous experience 
in the parish, the opinion had been reached that except for very local work, the 
use of the upper range of fossils for correlation was without great value, because 
the tops varied greatly in stratigraphic position as samples were examined along 
the depositional dip. While this is of course true in sediments of any age, here the 
changes were so strikingly more rapid than in older beds of the Gulf Coast in 
which “tops” had been rather successfully used, that the method was abandoned.® 

Check-listing was the method adopted, and species floods (large numbers of 
species) were used for correlation. It was concluded that two of the three floods 
recognized carried through all four wells and the third through three of them. 
However, the writer’s conclusions were not identical with those of other paleon- 
tologists and geologists familiar with the area. Furthermore, the other workers 
disagreed among themselves. | 

Biologists have long been aware that ecologic control exists for marine or- 
ganisms. Nevertheless, the first observed plotting of the percentages of various 
genera of foraminifera in relation to the depth of water in which they occur 
was that by S. W. Lowman,‘ who in 1941 prepared a number of profiles extending 
into the Gulf of Mexico. It was not until 1947 that several of these profiles were 


1 Manuscript received, September 18, 1948. 


2 Division of the Geological Sciences, California Institute of Technology. 

To Marcus A. Hanna who edited the chart, A. O. Woodford and E. C. Buffington, for reading 
the manuscript and offering pungent suggestion, grateful acknowledgment is offered. 

Clarence L. Moody has graciously given assistance beyond the call of editorial duty. 

To Walter H. Spears, vice-president of the Union Producing Company, Shreveport, Louisiana, 
appreciation is expressed for his readily granted permission to publish these data. 

_ A pleasant and stimulating association with Marcus A. Hanna, S. W. Lowman, A. R. Morn- 

hinveg, and Lloyd Pyeatt has no doubt helped in formulating these ideas. 


‘ 3 Alva C. Ellisor, “‘Subsurface Miocene of Southern Louisiana,’”’ Bull. Amer. Assoc. Petrol. Geol., 
Vol. 24, No. 3 (March, 1940), pp. 435-75, 11 figs., 6 pls. Miss Ellisor’s paper typifies this technique 
and still provides the framework for the stratigraphy of the ‘“‘Miocene”-of South Louisiana. 
4S. W. Lowman, “‘Recent Clastic Sediments Project,” Amer. Assoc. Petrol. Geol. Research Com. 
1946-47, Project 5 (1947). 
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published. Lowman made available prints of his charts in 1941, and while they 
were highly informative, their application to subsurface problems continued to 
be baffling. 

Late in 1945 it was postulated that if the foraminifera could be arranged in 
order of their depositional depth significance, an oscillation chart might be con- 
structed showing relative changes in depth of water at time of deposition within 
a well or surface column. In 1947 such a chart was finally constructed for one 
well. 

The well chosen was one in the Lirette field, where control was sufficient to 
be sure that the hole studied had no marked structural complications. It was 
hoped to compare eventually this well with one at DeLarge, but an opportunity 
has not materialized. 


METHOD OF CHART CONSTRUCTION 


Samples of cuttings were available at 30-foot intervals, with a few exceptions. 
For each interval a sample 4 cubic inches in volume was thoroughly broken down 
and in most cases a full recovery of foraminifera was achieved. A count was taken 
of the number of specimens of each species, or closely related group of species in 
each sample cutting. Separate percentage calculations were made for the ben- 
thonic (bottom-dwelling) and the pelagic (floating) assemblages, as the latter are 
not directly controlled by bottom conditions. These species (or group of species) 
amounting to less than o.5 per cent were eliminated and recalculations made 
for the remainder. Where there were less than 20 benthonic specimens present, no 
percentages were calculated. 

To determine the relative depth significance of the foraminiferal species the 
percentage of each species (or group of species) in each sample was first plotted 
against that of Rotalia beccarii, considered to be of brackish habitat, and then 
against Uvigerina spp., considered a typically deeper open-water element. All 
those species attaining a notable percentage of abundance agreed as to sequence 
on the two plots. Those which did not agree were placed in the sequence by aid of 
Lowman’s charts, experience, and perhaps instinct. These non-conformists are of 
such small percentages that they would not materially affect the chart, wherever 
placed. The species (or groups of species) are numbered in order of their apparent 
peak percentage appearance from shallower to deeper water. The numbers are 
substituted for fossil names on the chart. A first plot was made, including the 
arenaceous with the calcareous benthonic forms in a single column. When arenace- 
ous forms occurred in epidemic numbers, they shifted the positions of the species 
on the chart to an excessive degree. As they probably are controlled in occurrence 
somewhat by factors that differ from those which control the calcareous forms, 
it was concluded that the two types of benthonic foraminifera should be sepa- 
rately charted. Calculations were then made for each type, and these, together 


5 Alva C. Ellisor, op. cit. 
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with the pelagic species which are represented by letters A to D were placed on 
the final chart, each horizontal row indicating 100 per cent of the particular type 
of foraminifera. 

The narrow columns on either side of the arenaceous column give ratios of 
the calcareous to the arenaceous benthonic foraminifera, and of the benthonic to 
the pelagic foraminifera. 

The rectangular blocks and numbers at the left of the calcareous column, at 


HYPOTHETICAL COLUMNS WITH PART OF CYCLE MISSING 
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—Point of faulting or unconformity 
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the right of the arenaceous column, and at the right of the pelagic column indicate 
specimen counts for the three groups. 

Specific names are taken from Ellisor’s paper,’ which may also be referred to 
for lithologic descriptions. 


INTERPRETATION OF CHART 


The benthonic calcareous foraminifera are considered the more delicate depth 
indicators. As the species numbers shift to the left, the phenomenon is interpreted 
to indicate deepening. The shifting of species numbers to the right is considered 
to denote shallowing (Fig. 2). 

The calcareous species are somewhat arbitrarily grouped. For our purposes, 
group I may be considered as a brackish assemblage, not necessarily in shallower 
water than II, but in waters of less than normal Gulf salinity. Group II may be 
called the beach assemblage, III probably represents the seaweed zone as- 
semblage, and IV and V are successively deeper assemblages. If each of these 
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groups is differently colored on the chart, oscillations may be readily discerned. 
Oscillations as indicated by the arenaceous column were found to correspond 
qualitatively with those indicated by the calcareous column. If arenaceous species 
numbers are colored as they would fall if included with the calcareous groups, 
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that is, color 3 as I, 6 and 8 as II, the remainder as V, since none happens to reach 
peak percentages within the range of III and IV, the similarity is clearly shown. 

The pelagic column shows no close relationship to the benthonic columns. 
Globigerinids were not broken into species, as the young are difficult to recognize, 
even generically. All that can be said definitely is that Orbulina universa remains 
well off shore and in Lowman’s charts it is indicated that Globorotalia reach a more 
shoreward position than Orbulina, while some globigerinids are carried by the 
longshore currents. This present condition seems paralleled in the Miocene. 
From the chart it may be interpreted that the current carrying Orbulina swung in 
and out over the Lirette area without much control by the depth of bottom. 


LIMITATIONS OF SAMPLES 


As noted in the introduction, the samples were cuttings. It is regrettable they 
were shaker cuttings, meaning that they formed only that portion of the well 
returns which was retained on a screen. There seems to be no standard screen. It 
follows that any microfossils loosened from their matrices, clay or sandstone, 
were lost. A plot was made of the amount of sandstone or sand left after washing, 
but it bore so little resemblance to what the electric log indicates, that it was 
not included on the chart. 

As a result of the collection methods, we may conclude that sand-bottom 
species are not fairly represented, and that we are dealing almost entirely with 
fossils derived from claystones. Similarly we probably lack any representation 
from rapidly slaking claystones, including the marly or bentonitic varieties. 

It is obvious that cores would provide a truer picture. Opportunity is taken to 
reiterate that full cuttings, those taken before well returns pass over the shaker, 
would also give more desirable results. This holds just as firmly for other methods 
of correlation. 

POSSIBLE IMPROVEMENT OF CHART 


Rotalia beccarii is readily debouched from its favorite habitat in brackish bays 
and lagoons into the open sea by tidal scour, and perhaps more important, by 
floods. Where this is clearly what has happened, Rotalia beccarii should be re- 
moved from consideration, and the sample involved recalculated. Undoubtedly 
some samples shown on the chart appear too shallow, due to the influx of this 
species. 

As equivalent changes in depth have a much more apparent effect on the 
faunules of the shallower bottoms than on those of the deeper bottoms, plotting 
on a semi-logarithmic scale, starting the plot from the deeper side, might give a 
truer idea of the relative changes of water depth. This would also reduce mis- 
placed Rofalia beccarii to their proper importance. 


USES OF CHART 


The chart should be readily adaptable to correlation within a limited area. 
The apparent oscillations, the relationships between the various foraminiferal 
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elements, and even the populations of the several elements should be useful 
locally. 

Regionally it must be used with some care. At the Lirette and DeLarge fields 
wells have not drilled through the “Miocene” to the Anahuac formation. We have 
no base from which to count oscillations. Nevertheless, if wells are sufficiently 
close together, it is believed they can be correlated by this method. In the older 
parts of the Tertiary of the Gulf Coast the method certainly could be used. 

On achart based on cores, a sudden shift of the dominating group, for example 
from I to IV (Fig. 1a), without passing through intermediate stages with domi- 
nating II and III, would suggest that part of the section is missing. Group Ion IV 
would suggest either unconformity or faulting, IV on I (Fig. rb), faulting, or 
more unlikely, rapid deepening, et cetera. Data from several wells should permit a 
rationalization of alternate interpretations. 

In recent years many papers have appeared, pointing out the theoretical 
transgression of lithologic boundaries across time lines. While this deduction is a 
proper one, the problem remains of where and how the time line (or plane) is to 
be established. Probably fossil zones are as close as we have come to the ideal, 
but the paleontologist is well aware of their shortcomings. 

If by any method we can correlate to the extent of determining that a cycle 
in one column is equal to that in another column, we can establish the deepest 
point of deposition within the cycle in each column (Fig. 2) and by tying these 
points together establish a time line (Fig. 3). If enough similar points can be 
established in other columns we can approximate a time plane. So long as all the 
points lie on the same side of the hinge of movement during rise or fall of the sea 
floor, or seaward from the strandline during a period of eustatic adjustment, all 
should be well. The time plane should exhibit true structure. Variations caused by 
accentuated local movements might be difficult of interpretation without nu- 
merous columns. 


LIMITATIONS OF MODERN DISTRIBUTION DATA 


A study of Lowman’s Gulf of Mexico charts reveals that while all profiles 
show somewhat similar changes with deepening, the breaks are not at the same 
depths. Some of the differences in the several charts, including generic ones, are 
doubtless due to contrasts in type of bottom. But, as our biologic friends have so 
often emphasized, other important factors are light, temperature, free oxygen, 
other chemical content, and organic nutrients. 

Lowman’s data were taken almost entirely from anchor samples, and the only 
factor known is depth. It is to be regretted that even in present dredging opera- 
tions, depth and temperature are usually the only data recorded beyond the type 
of bottom. Until other factors are known we can not translate our foraminiferal 
data, recent or fossil, into an absolute scale of any kind. We must be content with 
relativity. If a particular Gulf profile were arbitrarily chosen for control in order 
to obtain a single line depth curve the result would still be but relative. 
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FURTHER REMARKS 


It will be noted on the chart that occasionally from one cutting to the next, 
there is a change from a large number of specimens to few or none. From similar 
observations in cores, the opinion is ventured that the sudden disappearance is 


caused by smothering, due to rapid sedimentation. 
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DISCUSSION 


NEW APPROACH IN STUDY OF ORIGIN OF OIL 


RALPH H. FASH! 
Fort Worth, Texas 


It was with considerable interest that the writer read Ray P. Walters’ article entitled, 
“New Approach in Study of Origin of Oil,’ in the September, 1948, Bulletin. Based on his 
field experience, Walters was led to the same conclusion at which the writer had arrived 
from theoretical considerations, namely, that the accumulation of oil as such by migration 
does not seem reasonable. In order to account for oil accumulation, Walters postulates the 
movement into the trap of oil-forming materials and not of oil itself. This idea is in accord 
i with the theory the writer advanced in ‘Theory of Origin and Accumulation of Petrol- 
| eum,” published in the October, 1944, Bulletin. In that paper, it was postulated that reac- 
| tive gases and liquids are formed from the decomposition of the kerogen contained in 
shales and limestones, and that these products, termed neokerogen, migrate in the form 
of films into the trap where they are converted into oil by the catalytic effect of the sur- 
faces of the sedimentary particles. 


1 Consulting chemist. Discussion received, November 12, 1948. 
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REVIEWS AND NEW PUBLICATIONS 


* Subjects indicated by asterisk are in the Association library, and are available, for loan, to 
members and associates. 


EXPLORACIONES GEOLOGICAS EN EL CENTRO DE LA REGION 
ORIENTAL DEL ESTADO DECOAHUILA Y EN LAS PORCIONES 
LIMITROFES DEL NUEVO LEON, BY FEDERICO K. G. 
MULLERRIED 


REVIEW BY LEWIS B. KELLUM! 
Ann Arbor, Michigan 


““Exploraciones geolégicas en el centro de la regién oriental del Estado de Coahuila y en 
las porciones limitrofes del de Nuevo Leén,” by Federico K. G. Mullerried. Sociedad 
Mexicana de Geografia y Estadistica, Tomo 65, Num. 1 (1948). 118 pp., 39 pls. 

This report is based on reconnaissance studies of an area of approximately 6,760 square 
miles (17,500 square kilometers) in the central part of Nuevo Ledn, in northeastern Mexico. 
The author spent a total of six months in the area at two widely spaced periods. In 1926 
he made an investigation with special reference to oil for the Instituto de Geologia de 
Mexico, and in 1944 he was commissioned by the University of Nuevo Leén to pursue 
further scientific studies. In the present publication he has attempted to bring together 
and to integrate all of the published geological data on the area, some of which he himself 
presented in earlier contributions. 

Following the Introduction the principal part of the paper is treated under five head- 
ings: (I) Physiography and morphology, (II) History of the geological reconnaissance, 
(III) The rocks, strata and fossils and their geologic age, (IV) Tectonics and orogeny, 
(V) Geologic history, and (VI), Economic geology. 

Of the four physiographic zones recognized by the author in northeastern Mexico, only 
two (Nos. 3 and 4) are present in the area of these investigations (from east to west): 
(1) the Coastal Plain, formed by horizontal sediments of Quaternary age; (2) the llanos, of 
Tertiary strata, somewhat inclined toward the east; (3) the zone of broken country, made 
up of gently folded Upper and Middle Cretaceous strata and effusive igneous rocks; and 
(4) the zone of mountain chains and ranges, made up of steeply folded strata of Cretaceous 
and Upper Jurassic age and of intrusive igneous rocks. These zones in general parallel the 
Gulf Coast and their mountain ranges trend northwest. 

The Upper Jurassic strata are argillaceous limestones containing marine bivalves. 
Four localities are described in the area: (1) in the Canon de los Alamos in the southern 
part of Sierra Azul, alternating marls and limestones contain Exogyra cf. virgula Defrance 
of Kimmeridgian age identified by C. Burckhardt and included by R. W. Imlay in the 
Casita formation; (2) near Las Flores in the Sierra Azul, coral limestone may belong to the 
Upper Jurassic, but no fossil evidence is presented; (3) in the San Ambrosio well No. 1 
near Camarén, northeast of Rodriguez, argillaceous and carbonaceous limestones contain- 
ing Upper Portlandian ammonites identified by Imlay, were encountered; (4) in the Pot- 
rero de Obailos, a valley of the Sierra de Oballos, north of Monclova, gypsiferous strata 
were included by Imaly in the Upper Jurassic Casita formation. 

The Lower Cretaceous strata have a thickness of 300-550 meters and consist of argil- 


Director, Museum of Paleontology, University of Michigan. Review received, November 11, 
1948. 
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laceous and calcareous deposits bearing pelecypods, ammonites, brachiopods, and corals. 
They are present in the western part of the area in the Sierra de Santa Rosa, the Sierra de 
Oballos, the Sierra Azul, and possibly in the Sierra de Mercado near Monclova. In the 
eastern part of the area, they were identified in the San Ambrosio well No. 1 by the pres- 
ence of the ammonites Bochianites, Hoplites, and Crioceras identified by Burckhardt. The 
author includes Aptian and older Cretaceous in the lower division of the period, noting 
that it corresponds with the Coahuila Group except for the Upper Aptian. 

The Middle Cretaceous is a fossiliferous limestone series 700-1500 meters thick, with 
a little marl and in part containing nodules and lenses of black flint; marine pelecypods, 
gastropods, ammonites, and foraminifera are common. It crops out in the ranges in the 
western part of the area and in the Sierra de Lampazos in the southeast. Two geologic 
formations are represented: La Pena below, and the Cuesta del Cura above. 

In the Upper Cretaceous the Turonian, Lower Senonian, and Campanian are repre- 
sented by a thickness of 950-1200 meters of argillaceous and calcareous marine strata con- 
taining pelecypods, ammonites, and other fossils. The Maestrichtian is represented by 
1000 feet of argillaceous-sandy deposits of marine, brackish-water, and continental origin, 
containing ammonites, pelecypods, gastropods, and plant remains. The Upper Cretaceous 
deposits are the most widespread in the area. 

The Tertiary is represented by Pliocene conglomerates of the Reynosa formation, in- 
trusions of granite, diorite, and granodiorite, and outpouring of olivine basalt. The lavas 
are younger than the Reynosa. They are present at the foot of Sierra de Santa Rosa 
along its north and east sides, and four volcanoes are present east of the town of Esperanza 
in the eastern part of the area. 

The Quaternary consists of eolian, lacustrine river, and caliche deposits at higher ele- 
vations than the present hydrographic system. Artifacts and remains of elephants have 
been found in them. 

The orogeny at the beginning of the Tertiary produced steep folds in the western part 
of the area and gentle folds in the east. The two principal directions of folding, west-north- 
west and north-northwest, are regarded as contemporary in origin. That the pressure in- 
creased southwest is indicated by the fact that the southwest flanks of the anticlines are 
narrower and steeper than the northeast flanks. Epeirogenic movements at the end of the 
Tertiary tilted the Pliocene conglomerates, produced faulting, and the extrusion of magma. 

Under the heading “Economic Geology” the author mentions the soils, sands, gravels, 
building stones, ornamental rocks, surface and ground waters, non-metallic minerals, and 
metallic minerals. 

The paper is accompanied by a comprehensive bibliography of 158 titles. The geologic 
reconnaissance map (Fig. 36), showing the distribution of formations, brings together the 
areal geology. Three geologic cross sections (Figs. 2, 37, and 38) show the author’s inter- 
pretation of the regional structure. The figures are not numbered consecutively throughout 
the report. All three of the maps have been reduced to the point that they are scarcely 
legible. The thirty-two photographs showing topography, vegetation, and outcrops are all 
over-exposed. 

The area covered by this report lies east of the “Coahuila Peninsula” of Mesozoic time, 
which was studied by the reviewer and his associates several years ago. Mullerried’s paper 
brings together the scattered geological data published in a period of 60 years and inter- 
prets it in the light of his own reconnaissance observations. 
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THE NATURE AND ORIGIN OF LIMESTONE POROSITY 
BY RICHARD B. HOHLT 


“The Nature and Origin of Limestone Porosity,” by Richard B. Hohlt. Quar. Colorado 
School Mines, Vol. 43, No. 4 (October, 1948). 52 pp., 20 illus. Paper cover. 6 X9 inches. 
Department of Publications, Colorado School of Mines, Golden, Colorado. Price, $1.00. 


The nature and origin of porosity in limestones and dolomites have constituted a 
major problem of petroleum geology for many years. Such porosity may be classified as 
primary and secondary. Primary porosity includes all openings in a rock developed prior 
to and during lithification. Secondary porosity comprises those openings developed subse- 
quent to lithification. Joints, fractures, and bedding planes control for the most part the 
circulation of ground waters in carbonate rocks. Greater solution porosity may be ex- 
pected in areas that are structurally high than in areas that are structurally low. Given 
sufficient circulation of ground water, topography controls the development of solution 
porosity to the extent that the greatest porosity may be expected beneath areas that are 
topographically low. The rate of solution of carbonates is variable and is dependent upon 
the existent geologic and physico-chemical conditions. Selective solution causes consider- 
able solution porosity. Some types of porosity are developed in carbonates by mineralogic 
changes accompanying dolomitization. It is concluded that dolomite has diverse modes of 
origin. 

Excellent preferred orientation of grains occurs in limestones but only rarely in dolo- 
mites. Solution porosity is common to the dolomitic facies of limestones, in spite of the 
fact that calcite is approximately twenty times as soluble in pure water as dolomite. It is 
concluded that solution porosity in dolomites is a function of the random-orientation 
characteristics of most dolomites. It is held that ground waters can permeate more easily 
through randomly orientated material than through material with a high degree of preferred 
orientation. For this reason, dolomites may be rendered more porous than limestone by 
solution, irrespective of solubility. 


OIL AND GAS FIELD DEVELOPMENT IN UNITED STATES 1947, BY 
NATIONAL OIL SCOUTS AND LANDMEN’S ASSOCIATION 


REVIEW BY CLYDE G. STRACHAN! 
Tulsa, Oklahoma 


Oil and Gas Field Development in United States, Year Book 1948 (Review of 1947), Vol. 
XVIII. Edited by P. Wayne Ferguson and E. J. Raisch. 897 pp., maps, tables, charts 
(7.75 X10.5 inches). Published by National Oil Scouts and Landmen’s Association, 
Austin, Texas. Price, $8.50, cloth-bound. 


This is the third time that the writer has had the privilege of reviewing these remark- 
able volumes on the operations of the oil industry, and the third time that he has been 
impressed with the impossibility of the task of reviewing such a vast array of information. 
The data cover every state in the Union except hard-rock-ribbed Minnesota and Wisconsin 
and the New England states where, for the present at least, there are no development 
operations. 

Within this broad sweep the scout and landsman statisticians really get down to 
business. States are discussed individually excepting in the Rocky Mountains region and 
the East Coast; in the former, Colorado and Utah also get a separate as well as a joint 
discussion. Texas and Louisiana are divided into districts. Oklahoma may be presented as 
an illustration of the way the information is handled. 


1 Gulf Oil Corporation. 
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Under Oklahoma there is a general introductory comment on drilling, production, 
wildcats, and leasing. Then follow these items: (1) a pool index map; (2) a discussion of the 
new producing units (at West Edmond and Cement); (3) a geologic section of the state; 
(4) a table of the producing sands; (5) data on 1947 discoveries; (6) a list of new sands and 
extensions; (7) a general consideration of leasing and a table of the details of blocks taken; 
(8) a list of refineries and carbon black plants and data; (9) undeveloped acreage held by 
majors, by counties; (10) a tabulation of geophysical and core-drill prospecting by county, 
township, and range, with a summary; (11) data on the wildcat records of operators by 
section, township, and range; (12) oil and gas fields combined during the year; (13) the 
drilling record of individual companies, by counties; (14) combined drilling record of all 
companies, by counties; (15) a tabulation by years of completions from 1901 to 1947; 
(16) a tabulation of all fields in Oklahoma with dates, geology, and well and production 
data; (17) a list and data of natural-gas and cycling plants; (18) a list of production outlets 
for all Oklahoma fields. 

The appendix forms a ready reference for statistics of the oil industry of the United 
States and of the world. The sources for all figures presented are cited. The index for this 
appendix lists 133 tabulations. 

For a quick review of 1947 drilling developments the geologist will turn to the June, 
1948, Bulletin of the A.A.P.G. Others who need a more detailed tabulation of data for the 
estimation of costs and trends will use the Year Book. Taken together they present a large 
part of the information which the major oil companies assemble at huge cost. Obviously, 
they can not include the intelligent and aggressive interpretation of the information which 
spells success in the oil business. 


RECENT PUBLICATIONS 


AFRICA 


*“The Importance of Upwelling Water to Vertebrate Paleontology and Oil Geology,” 
by Margaretha Brongersma-Sanders. Verh. Kon. Nederlandsche Akademie van Weten- 
schappen, Afd. Natuurkunde, Tweedie Sectie, Deel XLV, No. 4 (1948). 112 pp., 6 figs. 
7X10.25 inches. Study based on visit to beach of Walvis Bay, Southwest Africa in 1938. 
In English. N. V. Noord-Hollandische Uitgevers Maatschappij, Amsterdam, Holland. 


ALABAMA 


*“Cretaceous of East-Central Alabama,” by D. Hoye Eargle. [Guidebook] Southeastern 
Geological Society Sixth Field Trip, November 18-19, 1948, pp. 41-75; map in pocket. 
Mimeographed. 8.511 inches. Complete guidebook, containing geological road log,’ pp. 
I-40, may be ordered from the Secretary, Southeastern Geological Society, Box 841, 
Tallahassee, Florida. Price, $3.00. 


ARGENTINA 


*“Apuntes sobre el Triasico y el Ordovicio de E] Challao, Mendoza” (Triassic and 
Ordovician of El Challao), by Carlos Rusconi. Revista Mus. Historia Natural Mendoza, 
Vol. 2, No. 3 (September 30, 1948), pp. 165-98; 6 photographs. 5 figs. Belgrano 970, 
Mendoza, Argentina. In Spanish. 


ARIZONA 


Gas and Oil Possibilities of Northeast Arizona, by Dorsey Hager, Arizona State Land 
Department (November, 1948). 19 pp., 9 figs. 
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CALIFORNIA 


*“Ant Hill Oil Field,” by Wm. C. Bailey. California Oil Fields, Vol. 33, No. 2 (San 
Francisco, July-December, 1947 [Dec., 1948]), pp. 3-6; 3 pls. 

*“Cymric Oil Field,” by G. G. Pierce. [bid., pp. 7-15; 6 pls. 

*“Oxnard Oil Field,” by E. J. Kaplow. Ibid., pp. 16-20; 2 pls. 


CANADA 
*“What Leduc Means to Canada,” by H. G. Cochrane. Petrol. Engineer, Vol. 20, No. 3 
(Dallas, Texas, December, 1948), pp. 128-36; 8 figs. 
COLOMBIA 


*Mapa dela Republican de Colombia (1948), Ministerio de Minas y Petroleos, Servicio 
Technico, Bogota, Colombia. Shows areas of exploration and exploitation by companies. 
In colors. Scale 1:2,000,000. 33 X41 inches. 


ENGLAND 


“The Structure of East Yorkshire and North Lineolnshire,” by H. C. Versey. Proc. 
Yorkshire Geol. Soc., Vol. 27, Pt. 3 (September, 1948), pp. 173-91. Presidential address. 
West Yorkshire Printing Company, Ltd., Wakefield, England 


GENERAL 


*Human Geography, by C. Langdon White and George T. Renner, 692 pp., 437 figs. 
79.75 inches. An ecological study of human society. Appleton-Century-Crofts, Inc., 
35 West 32d Street, New York (1948). Cloth. Price, $6.00. 


GEORGIA 


“Geology and Mineral Resources of the Paleozoic Area in Northwest Georgia,” by 
Charles Butts and Benjamin Gildersleeve. Georgia Geol. Survey Bull. 54 (Atlanta, 1948). 
176 pp., 15 figs., 8 pls. of fossils, 2 folded maps showing geology and mines. 
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BULLETIN OF THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
VOL. 33, NO. 1 (JANUARY, 1949), PP. 105-115, 8 FIGS. 


ASSOCIATION ROUND TABLE 


ASSOCIATION COMMITTEES* 


EXECUTIVE COMMITTEE 


Pau WEAVER, chairman, Gulf Oil Corporation, Houston, Texas 
J. V. HowELt, secretary, consultant, Tulsa, Oklahoma 

Carrot E. Dossin, United States Geological Survey, Denver, Colorado 
Roy M. Barnes, Continental Oil Company, Los Angeles, California 
CLARENCE L. Moony, The Ohio Oil Company, Shreveport, Louisiana 


REPRESENTATIVE ON DIVISION OF GEOLOGY AND GEOGRAPHY 
NATIONAL RESEARCH COUNCIL (3-yr. term) 


B. (1949) 


REPRESENTATIVES ON COUNCIL OF AMERICAN ASSOCIATION 
FOR THE ADVANCEMENT OF SCIENCE (2-yr. term) 


W. Taytor JR. 


(Dec., 1949) 


Rosert J. Riccs (Dec., 1949) 


COMMISSIONERS ON AMERICAN COMMISSION ON 
STRATIGRAPHIC NOMENCLATURE (3-yr. term) 
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STANDING COMMITTEES 
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TRUSTEES OF REVOLVING PUBLICATION FUND 


Wittram B. Heroy (1949) 


Roy R. Morse (1950) 


W. Hoots (1950) 


W. B. Witson (1951), chairman 


TRUSTEES OF RESEARCH FUND 


BUSINESS COMMITTEE 


T. S. Harrison (1951), chairman 


A. L. SELIG (1950), chairman, consultant, 5118 Grantwood, Houston, Texas 


Roy M. Barnes (1949) 

A. F. Barrett (1949) 
Gorpon R. BELL (1949) 

B. W. BLANPIED (1949) 

E. J. Boos (1950) 

REvELt L. Boss (1949) 
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W. S. W. Kew (1949) 
Cuartes L. LAKE (1949) 
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Watter K. Linx (1950) 
RosBeErt Scott MANN (1950) 
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E. Froyp MILER (1949) 
RoBERT B. MITCHELL 
C. L. Moopy (1949) 
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Vincent C. (1950) 
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H. L. Rickarp (1950) 
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*Terms of individuals expire at the close of the annual meeting in March of the year indicated, unless another month 


is shown. 
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COMMITTEE FOR PUBLICATION 
GerorceE C. Grow, Jr. (1949), chairman, Peoples Natural Gas Company, Pittsburgh, Pa. 
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C. I. ALEXANDER (Gulf Coast) Horace G. Ricnarps (Atlantic Coast) 
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SUB-COMMITTEE ON PALEOZOIC 
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ADVISORY AND SPECIAL PROJECTS SUB-COMMITTEE 
M. G. CHENEY (1949), chairman, Anzac Oil Corporation, Box 846, Coleman, Texas 


ARTHUR E. BRAINERD HERMAN GUNTER Raymonp C. Moore 
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HOUSTON REGIONAL MEETING, DECEMBER 2-3, 1948 


J. BRIAN EBY! 
Houston, Texas 


The Houston regional meeting of the Association was held on. December 2 and 3, 
1948, at the Rice Hotel, Houston, Texas. There were 1,050 registrations, making it one 
of the largest regional meetings yet held. In fact it was larger than the national meetings 


until recent years. 
The meeting was devoted exclusively to the study of problems of stratigraphy, sedi- 
mentation, and tectonics of the salt-dome region of the Texas and Louisiana Gulf Coast. 


There were no field trips. 

A breakfast was tendered to authors of all papers given at the meeting on the morning 
of the opening day. In addition to the Friday night dance which was semi-formal, there 
were a style show and luncheon for the ladies and a stag luncheon on Friday. 

All of the officers and members of the executive committee of the Association were 
present: Paul Weaver, president; C. E. Dobbin, past-president; Roy M. Barnes, vice- 
president; J. V. Howell, secretary-treasurer; C. L. Moody, editor. The local arrangements 
were in general charge of George S. Buchanan of the Sohio Petroleum Company and A. 


F. Childers, president of the Houston Geological Society. 
Abstracts are attached, descriptive of some of the papers presented at this meeting. 


ABSTRACTS 


1. Recent Sediments of Mississippi Deltaic Mass, H. N. Fisk, Humble Oil and Re- 
fining Company, Houston. 


The Recent deltaic mass of the Mississippi River is a huge pile of seaward-thickening deposits 
which underlies the deltaic plain and continental shelf. It rests upon and buries a rugged surface 
sculptured during the last ice age when sea-level was 450 feet lower than at present. The sediments 
were deposited as the last Pleistocene ice sheets melted and sea-level rose, and their main lithologic 
characteristics reflect the gradual lowering of stream gradients. The mass can be divided into a sub- 
stream of permeable, gravel-bearing sands and a finer-grained topstratum of relatively impermeable, 
more heterogeneous sands, silts, and clays. Lithologic, textural, and faunal characteristics of deposi- 
tional units within the topstratum are similar to those of sediments now accumulating within deposi- 
tional environments of the region. 

These environments are mainly marshland and pro-delta marine, but they also include more re- 
stricted ones such as the fluviatile and brackish-water channels, bay and lake bottoms, and local 
beaches and spits. Interfingering and overlapping relationships of the various facies in the top- 
stratum show that the Mississippi River changed its position many times while sea-level was rising. 
That active subsidence accompanies the deltaic accumulation is shown by the seaward tilt of map- 
pable marine beds within the mass and by the slope of the late Quaternary surface underlying the 
Recent deposits. 


2. Stratigraphy of Frio Formation. Orange and Jefferson Counties, Texas, Frank 
Reedy, Jr., division geologist, Crown Central Petroleum Corporation, Houston. 


Recent developments in the Gulf Coast of Texas have indicated the productive possibilities of 
many of the sands composing the lower part of the thick Frio formation of Oligocene age. Exploration 
to the deeper sands of the Frio discloses facts of depositional conditions of this formation, which are as 
critical as structure for the accumulation of petroleum. 

The area comprising northern Jefferson County and Orange County is herein considered as a 
stratigraphic unit. Electrical-log, strike, and dip sections have been constructed indicating the basis 
for the correlations, the lithologic character of each of the zones of the Frio formation, and the calcu- 
lated isopach interval of each zone. Diagrammatic dip sections have been drawn showing the rela- 
tionship of lithology with microfauna occurrence. To interpret accurately these correlations and 
apply the zonation for a structural basis, three isopach maps have been constructed. These isopach 


1 Consulting geologist. 
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— indicate the extent of sands, their depositional position, and the development of the shale 


In Orange and Jefferson counties the Frio (Oligocene) formation is divisible into three lithologic 
units: an upper unit consisting primarily of sands; a middle unit of marine shale; and a lower unit 
consisting of sands and shale. Isopach maps reveal the location of ancient offshore bars and re-en- 
trant basins and also show local thinning of beds in areas of structural uplift. The variation in strati- 
graphic position of certain foraminiferal associations is believed to be due to ecological changes and 
to the marine progressive overlap. 


3. Salt-Dome Configuration, Marcus A. Hanna, Gulf Oil Corporation, Houston. 


Factors which cause modification of a symmetrical plug to the configuration of the various salt 
stocks —. in the Gulf Coastal area are evaluated. This configuration includes the limestone, 
gypsum, and anhydrite cap rock, as well as the spines, overhangs, and leaning plugs. Considered also 
are certain salt-stock rim-synclinal effects, as well as some resulting structural changes in the sur- 
rounding sediments. 

The character of the salt as a metamorphic rock, the orientated fabric of certain of the an- 
hydrites, and the modifications caused by density differences in the salt and surrounding sediments, 
and the effect of circulating waters are cited. Several of the theories of salt-plug origin and growth 
are considered in light of present information. 


4. Sedimentary Facies of Upper Cenozoic and Recent in Gulf Coast Geosyncline, 
Shephard W. Lowman, Shell Oil Company, Inc., Houston. 


Production of oil in the Tertiary formations of the Texas and Louisiana Gulf Coast is distributed 
in elongate trends that parallel the present coast. These trends coincide with the distribution of 
shallow marine and brackish sedimentary facies in the producing zones. There are also three promi- 
nent crosstrends along which the majority of the production is concentrated. These coincide with the 
three transverse embayments that cut perpendicularly across the elongate producing trends. These 
crosstrends indicate the intersection of another set of sedimentary conditions which are related to 
the embayments. 

Sedimentary facies is defined as the present aspect of the rock, including its fossil content. Fossil 
assemblages in the Recent characterize environments, such as brackish, continental shelf, and conti- 
nental slope. These relationships seem to be readily applicable to the Tertiary, but the various meth- 
ods of applying them, all require a broad empirical base of stratigraphic correlation. The network 
method of stratal correlation is described and the facies nature of formation and of fossil zones is dis- 
cussed against the combined background of faunal control in the Recent and network of correlations 
in the Tertiary. 

Sedimentary facies and stratigraphy in the Gulf Coast Upper Tertiary are applied to two general 
problems. First, the presence and probable character of the Gulf Coast geosyncline are considered; 
second, the stratigraphic and facies data are applied to the problem of subsidence under load. 


5. Tertiary History of Gulf Coast Geosyncline, M. M. Sheets, Production Main- 
tenance Company, Houston. 


The Gulf Coast geosyncline was first described by Barton and Ritz in 1933 as a long, narrow 
trough-shaped depression located parallel with and just inland from the shore of the Gulf of Mexico 
in Jefferson County, Texas. Since that time well data have made it impossible for such a trough to be 
present at drillable depths under the land. Geophysical data completed within the last few years 
seems to eliminate the possibility of such a trough under the continental shelf. In light of the new 
data, the former idea of the Gulf Coast geosyncline in the form of a long, narrow trough must be 
changed to a new concept of a bowl-shaped depression corresponding more or less with the form of 
the present Gulf of Mexico. Many additional data on sedimentation and structure, particularly 
faulting, supports this change in views. 

This change in ideas may necessitate radical revision in the Tertiary history of the Gulf Coast, 
and doing so may cause radical revision of ideas of the thickness and character of the Tertiary and 
post-Tertiary sediments near shore and under the continental shelf. 

In general it now seems that the Tertiary history of the Gulf Coast involves the following funda- 
mental principles. 

1. A large semiround bowl-shaped depression at the close of the Cretaceous and remaining rela- 
tively stable through the Tertiary. 
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2. Sedimentary filling of this depression during the Tertiary from the sides toward the middle. 
3. Subsequent minor elevation of the north and west shores perhaps due to isostatic adjustment. 


6. Photogeology in Gulf Coast Exploration, Charles W. De Blieux, Louisiana Land 
and Exploration Company, New Orleans. : 

The Gulf Coast has long been noted for the absence of surface deformation and topographic ex- 
pression of subsurface structure. However, with application of geomorphology as a basic principle, 
aerial photographic interpretative techniques have been developed for this province. The deltaic 
plain of the Mississippi River and adjacent coastal marsh are selected for demonstration; approach 
to the problem is outlined, and photogeologic criteria are described and illustrated. 


7. Exploration in Gulf of Mexico with Airborne Magnetometer, Eugene Frowe, 
Robert H. Ray Company, Houston. 

Experimental flights with the airborne magnetometer have been made over numerous structures 
in the Gulf Coast area to determine the correlation between magnetic profile and known geologic 
structures. The results of these flights are given to show this correlation and to compare the magnetic 
anomalies of offshore structures with inland structures. The magnetic effect of derricks and well 
casings is discussed. 


JOINT ANNUAL MEETING, ST. LOUIS, MARCH 14-17, 1949! 


The 34th annual meeting of the Association will be held at the Jefferson Hotel, St. 
Louis, Missouri, March 14-17, 1949. Concurrent meetings will be held by the Society of 
Economic Paleontologists and Mineralogists and the Society of Exploration Geophysicists. 
Hotel room reservation request forms have been mailed to all members, and these forms 
should be used without delay. 

Technical program.—President Weaver has appointed W. B. Witson, Gulf Oil Cor- 
poration, Tulsa, Oklahoma, to be chairman of the technical program committee for the 
A.A.P.G. Norman S. Hincuey, Washington University, St. Louis, Missouri, is vice- 
chairman in charge of technical service. 

Members planning to submit papers should send, in duplicate, in double-spaced type- 
written form, their name, company or professional connection, subject of paper, and a 
200-wo-d abstract, to chairman WILsoN, by January 1, certainly not later than February 
1. Papers will be selected for the program to conform with the planned subject matter ac- 
ceptable for oral presentation and to conform with the time available. Papers not accept- 
able for oral delivery may be included in the printed program by title and abstract. 

Tentatively, the A.A.P.G. program will include a half day of presidential addresses 
and awards; a half day of papers of common interest for the joint session; a half day of 
oil-field descriptions; a half day of papers on the theme of “Reefs”; a half day devoted to 
foreign papers; and a half day of important miscellaneous papers. 

Papers for the S.E.P.M. program should be submitted to Maynard P. White, $.E.P.M. 
chairman, Gulf Oil Corporation, Box 30, Ardmore, Oklahoma. 


A.A.P.G. TECHNICAL PROGRAM COMMITTEE 


W. B. Wilson, chairman, Gulf Oil Corporation, Box 660, Tulsa, Oklahoma 
Norman Hinchey, vice-chairman, Washington University, St. Louis, Missouri 


Hollis D. Hedberg, New York George Sawtelle, Houston 
Harold W. Hoots, Los Angeles J. B. Webb, Calgary 
E. W. Krampert, Casper T. E. Weirich, Bartlesville 


E. Russell Lloyd, Midland 


1 Previous announcements about this meeting have appeared in the Bidletin of July, pp. 1376-77, 
November, pp. 2166-67, and December, p. 2332. 
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Fic. 1.—Speakers’ breakfast preceding technical sessions, Houston regional meeting, 
French Room, Rice Hotel. 


— 
i= : 
4 Fic. 2.—Luncheon, Crystal Ballroom, December 3. 


Fic. 4.—Technical session, Crystal Ballroom. 
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Fic. 3.—Technical session, Crystal Ballroom, 


Fic. 6.—At style show, Empire Room, Rice Hotel, December 3. Front row, left to right: Mrs. 
Don Gahagan; Mrs. W. T. Hancock, Jr.; Mrs. George Sawtelle. Back row, left to right: Mrs. Hillord 
Hinson and Mrs. Gene Peebles. 


| Fic. 5.—Friday night dance, Crystal Ballroom, Rice Hotel. a 
j 
\ 
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Fic. 7.—Houston Geological Society officials. Left to right: A. S. Gale, Jr., program equipment 
committee; Hillard W. Carey, technical committee; Carleton D. Speed, Jr., hotels committee; George 


S. Buchanan, general arrangements; R. R. Rieke, secretary; A. F. Childers, Jr., president. 


Fic. 8.—Leift to right: Roy M. Barnes, vice-president; C. L. Moody, editor; Paul Weaver, president; 
George S. Buchanan, general chairman for meeting arrangements; C. E. Dobbin, past-president. 
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Exhibits —Space has been arranged on the mezzanine for the display of up-to-date 
methods and equipment representing the highest scientific and professional efficiency in the 
exploration for oil and gas. 

On the 2d floor, limited space will be available to educational institutions, government 
bureaus, and affiliated societies for the display of mew or recent, significant maps, correla- 
tion charts, aerial photographs, ef cetera, which may be fastened to vertical panels. These 
displays will necessarily be restricted to vertical space in units approximately 6 feet high 
by 5 feet wide. Tables will not be used. Requests for space should reach the A.A.P.G., 
Box 979, Tulsa 1, Oklahoma, before February r. 
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MEMORIAL 


NELSON HORATIO DARTON 
(1865-1948) 


zuela, Mexico, and the Dominican Republic. 


Darton was born in Brooklyn, New York, on December 17, 1865. His relatively few 
years of formal schooling were supplemented by personal instruction in higher mathe- 
matics from his gifted father. A life-long insatiable curiosity induced him to spend much 
of his spare time wandering through factories, laboratories, and foundries, asking questions 


and acquiring a knowledge of all sorts of industrial processes. 


papers before that Society. 
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Dr. N. H. Darton, an honorary member of the American Association of Petroleum 
Geologists, died on February 28, 1948, in his 83d year. His active professional career, first 
as a chemist and then as a geologist, exceeded 65 years. It was distinguished throughout 
by a long series of scientific papers, lectures, and maps. His publications totalled more than 
200, including 26 Geologic Folios, 7 Professional Papers, and 27 Bulletins of the United 
States Geological Survey. He will perhaps be best remembered for his classic reports on 
ss the geology of the Rocky Mountain and Great Plains states involving in many areas the 
a establishment of the stratigraphic nomenclature, for starting the series of bibliographies 
2 of North American geology, for his pioneer studies in subsurface earth temperatures, for 
his amazing mastery of the technique of reconnaissance geology as exemplified by geologic 
maps of several of the western states, and for his pioneering petroleum surveys in Vene- 


In 1879, when he was 14, his uncle, William W. Thayer, invited him to become a 
chemical apprentice at a salary of $4 a week. Darton’s father was in Alaska at the time and 
young Darton was able to persuade his mother that he should drop out of public school to 
obtain this more practical education. He was eager to learn all about chemical manufac- 
2 turing as quickly as possible and was given practical training by his uncle, which he sup- 
7 plemented by theory from his uncle’s chemical library. A transition in the business from 
manufacturing to jobbing, freed so much space in the building that Mr. Thayer allowed 
young Darton to equip a laboratory in the loft. Here he now spent most of his time, study- 
ing methods of analysis and the properties of chemicals in general. As he had already ac- 
quired at the age of 15 a reputation as a practical chemist, he was able to do considerable 
2 consulting analytical work, particularly on chemical problems of the tanning and sugar 
industries. In 1881, when he was less than 16 years old, he was elected a member of the 
American Chemical Society, and in that and later years he presented several scientific 


Darton’s first interest in geology came from a small collection of minerals owned by 
his uncle. This led to his borrowing copies of Lyell’s Principles of Geology, and other books 
‘such as I. C. Russell’s papers on the geology of Hudson County, New Jersey. Either from 
this reading or from conversations he learned of the zeolite minerals in the trap rocks near 
A Bergen Hill, New Jersey, and he collected specimens on short field trips. These trips aroused 
= an interest in the stratigraphic and structural relations of the diabase sheets in which the 
minerals had formed, and eventually led to an intensive field study. In 1882 he published 
: three papers on the occurrence of minerals in the vicinity of New York City. He also ad- 
dressed the New York Academy of Sciences “On the Genesis of the Ores and Minerals of 
the Granular Limestone of Sussex County, N. J.”’ Darton was now nearly 17 years old. 

Always eager to explore new frontiers, Darton spent more and more time on geologic 
collecting trips and field studies, ranging farther afield and making friends with the leading 
geologists of the day. These men welcomed his enthusiasm and discussed geologic problems 
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with him. His interest was now so keen that in 1883 he began a card catalog of papers on 
the geology of the New York City region, which he later expanded to include all geologic 
articles in the Astor Library. This task took many hours of his leisure time, and the 
catalog soon had 4,000 entries. 

G. K. Gilbert, who was in charge of work of the United States Geological Survey in 
the Appalachian region, needed an analytical catalog or bibliography of geologic literature 
of that region. In 1885, on learning of young Darton’s catalog, he visited him in New York. 
They took a local geologic trip together, and Darton made such a good impression that 
Gilbert suggested he join the Survey. Darton’s interest in geologic investigations was now 
so intense that he had little hesitation in accepting Gilbert’s offer, even though it meant 
abandoning a profitable business in New York City. 

When Darton arrived in Washington, D.C., the night of January 31, 1886, he was met 
at the station by Gilbert, who took him to the home of Bailey Willis, where he was to live 
for several months. The next morning he began work in Gilbert’s office in the old United 
States Geological Survey building at 14th and F Streets. Gilbert, the right-hand man of 
Major J. W. Powell, had organized the Appalachian Division. He had three assistants, 
Bailey Willis, I. C. Russell, and H. R. Geiger, and had chosen Darton to be his fourth 
assistant. Darton now received the personal friendly guidance of such men as Powell, 
Gilbert, Willis, McGee, and the other “giants” of the early Survey and he advanced 
rapidly in his knowledge of the principles of geology. 

The first task assigned him by Gilbert was completion of the analytic catalog of the 
geologic literature of the Appalachian region. Darton spent most of his office time from 
1886 to 1889 on this project and in the end had 13,330 cards. In October 1886 Gilbert auth- 
orized Darton to prepare a similar catalog expanded to include all papers on North Ameri- 
can geology. In April, 1887, this catalog was referred to Hague, Emmons, Irving, McGee, 
and others on the Survey, who recommended its completion and publication. The work on 
the North American bibliography was continued at intervals until 1894, when director 
Walcott ordered Darton to transfer the project to F. B. Weeks “on account of more im- 
portant work you have on hand.” Preparation of this reference series has continued ever 
since as a Survey function. 

Although Gilbert had enlisted Darton specifically for the bibliographic work, he also 
recognized his exceptional aptitude for field geology. His first field assignment in the 
summer of 1886, the year of his appointment, was to study the Newark group of New 
Jersey and New York, a continuation of the field work which he had done before he joined 
the Survey. During his 2} months in the field he mapped 1,632 square miles and on his 
return to Washington wrote a report published as United States Geological Survey 
Bulletin 67. In this bulletin Darton proved that the Watchung igneous sheets were lava 
flows, which was contrary to then existing opinion. This work was later expanded and 
elaborated into the New York and Passaic folios. 

During the next several years, Darton received field assignments that seemed to have 
been designed to train him for his famous work in the West. 

In July, 1887, Gilbert instructed him to make a reconnaissance of the region near the 
New and Greenbrier rivers, Virginia and West Virginia, “to ascertain the best lines for 
the instrumental measurement of stratigraphic and structural sections.” Accordingly he 
examined an area of 7,500 square miles in the general area of Covington and Christians- 
burg, his trips being made alone on horseback. 

During the following winter, plans were laid in the Survey for the new folio series. 
Darton was directed to map the Staunton Quadrangle, an area of nearly 1,000 square 
miles. The first mapping took less than 2 months, and after a little supplemental work the 
next year, he transmitted his map on June 1, 1889. The report was published in 1894 as 
Folio 14. This mapping and later work in the next 6 years in the belt of folded Appalachians 
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in Virginia, West Virginia, and Maryland developed that structural comprehension so 
noteworthy in his western work. 

The discovery of phosphate rock in Florida and the resulting contradictory newspaper 
accounts of its value led Survey director Powell to send Darton to Florida in April, 1890. 
His training in both chemistry and geology made him particularly fitted to judge the 
economic value of these deposits. This trip to Florida aroused Darton’s interest in Coastal 
Plain investigations, during which he came under the inspiring influence of W J McGee, 
who was in charge of the Atlantic Coastal Plain Division. At McGee’s instigation, Darton 
was authorized to map the Fredericksburg, Nomini, and Norfolk folios, and the Coastal 
Plain part of the Washington folio. He also prepared maps, which are still in use, of the 
Baltimore and Richmond areas, and while mapping near Richmond he discovered Ordovi- 
cian fossils in the slates that had hitherto been considered Archean in age. 

During the course of his work on the Atlantic Coastal Plain, Darton became intensely 
interested in the geology of artesian wells and on his own initiative devoted much time 
to the study of underground waters. These studies led to the preparation of Bulletin 138 
on “Artesian Well Prospects in the Atlantic Coastal Plain”; Darton soon was recognized 
as the Survey’s leading expert on artesian water. 

In 1892 the Geological Survey’s appropriation was cut so severely that many of its 
staff had to be furloughed or dismissed and it was plain that Darton could not continue 
his field work in the Atlantic Coastal Plain. Accordingly his superior, W J McGee, ar- 
ranged a temporary transfer to the New York Survey to complete field work, under the 
direction of James Hall, for a new geologic map of the state. Compilation of this map had 
been commenced by McGee in 1887, but the base maps were so crude and the details of 
the geology of the state so poorly worked out that the results were disheartening. Darton’s 
mapping in the field seasons of 1893 and 1894 covered 9,350 square miles, much of it being 
at the rate of 100-150 square miles a day—all work being done by horse and buggy and 
on foot! He was a firm believer in the desirability of a topographic base for adequate recon- 
naissance mapping; so foreshadowing his practice of later years, he prepared his own topo- 
graphic base for the part of Albany County west of the Albany Quadrangle. Much of this 
new work was published under Darton’s name in the Annual Reports of the New York 
State Geologist, but the new geologic map of the state, which he transmitted in 1893, 
was published by Hall with the name of W J McGee as author, although all the compila- 
tion and much of the field work had been done by Darton. This map with but minor changes 
is the current map of New York state. 

Darton had now been on the Geological Survey 9 years and was considered a well 
rounded field geologist and an expert on ground-water problems. In 1895 Dr. Walcott, 
then Director, proposed that Darton investigate the underground-water problems of the 
West. F. H. Newell, chief of the Hydrographic Branch, wrote Darton on July 20, 1895, 

The suggestion of Director Walcott that you should be transferred to my branch struck me as 
particularly favorable owing to the impression I have had of your ability to do such work rapidly and 
economically. ... There should be made a broad study of the subject with facts as to wells and a 


knowledge obtained as to geologic structure. Observation should also be made as to the use of well 
water for irrigation and the results on crops and soils. 


Darton remained with the Hydrographic Branch until 1907, or nearly 12 years. These 
years were to prove probably the most productive of his life. During this period he did 
much pioneer work himself and also supervised the activities of a large staff of other geolo- 
gists. Although the principal aims of the work were the discovery and appraisal of under- 
ground-water resources, it was wisely recognized by his superiors that these aims could 
only be achieved by obtaining a thorough basic knowledge of the stratigraphy and struc- 
ture of the rocks involved. 

Darton’s first trip on this new assignment was to the artesian basin of South Dakota 
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and eastern North Dakota. Much of his work prior to 1900 was in the foothills of the 
Black Hills, because he realized that from that uplift comes much of the artesian water 
that flows under central and eastern South Dakota and because a thorough knowledge of 
the stratigraphy of those upturned rocks would aid him in predicting the occurrence of 
water under much of the Great Plains. 

In 1900 Newell suggested a study of the geology and underground waters of the central 
Great Plains, to cover an area from the Arkansas River to the Black Hills and eastward 
from the Rocky Mountains to the outcrop of the Dakota sandstone. Thousands of well 
logs had to be studied, geologic classifications established, underground structure ascer- 
tained, and topographic data secured. Despite interruptions, this vast area was mapped 
by Darton and several capable assistants by the end of 1904, and in 1905 the results were 
published in United States Geological Survey Professional Paper 32, “Preliminary Report 
on the Geology and Underground Water Resources of the Central Great Plains,” a report 
consisting of 433 pages, 72 plates (including 3 in colors), and many geologic and hydrologic 
maps. Darton always considered this report, now a classic, one of his finest pieces of work. 

Darton first visited New Mexico and Arizona in October, 1901, to study the under- 
ground water conditions between Albuquerque and Flagstaff. This investigation was so 
vital to the Santa Fe Railroad that the railroad paid his expenses and furnished him a 
private car to facilitate his work. On the first trip director Walcott and G. K. Gilbert met 
Darton at El Tovar to show him the succession of strata in the Grand Canyon. He re- 
visited the Canyon several times in the next few years, examined it at many places, 
crossed the river and explored the Bright Angel vicinity with an Indian attendant, and 
prepared a geologic map of the Canyon. During the next two decades his publications and 
lectures on the magnificent scenery of the Canyon were much in demand in many parts of 
the Nation. Nearly 150,000 copies of his popular “Story of the Grand Canyon” have been 
sold by Fred Harvey, Inc., and it is still in demand. 

Interest in the investigation of underground-waters developed so rapidly all over the 
United States that it was realized that data on well boring and special geologic studies 
were needed to guide the selection of sites and the drilling of deep wells. Darton was placed 
in charge of a newly organized Western Division of Hydrology, on January 1, 1903. Among 
the geologists assigned to assist Darton in the Western Division were W. C. Mendenhall, 
G. B. Richardson, W. T. Lee, C. A. Fisher, F. C. Calkins, I. C. Russell, and G. I. Adams. 
Darton continued his personal investigations on, if anything, a greater scale, but in addi- 
tion he had to supervise the field work of his assistants, review their reports, and plan the 
extensions of their work and his own. 

During the next 3 years Darton concluded work begun in 1901 in the Big Horn Moun- 
tains and the Laramie Basin in Wyoming, prepared on Congressional order a report on the 
Owl Creek Mountains, continued his mapping in the Black Hills, mapped a part of the 
Arkansas Valley in Colorado, did extensive work in several parts of New Mexico, and in 
1904 did special jobs in Arizona, Nevada, and Oregon. Newspapers for years periodically 
revived the story of the 2,965-foot well at Edgemont, South Dakota, where in 1907 the 
Burlington Railroad secured a flow of a million gallons a day of water suitable for drinking 
and for boilers from a depth within 35 feet of the prediction Darton had made in 1905. 

In 1906 the Bureau of Reclamation was organized as an outgrowth of much of the 
work of the Western division of the Hydrographic Branch. Newell, appointed Director of 
the new Bureau, was succeeded as chief of the Hydrographic Branch by M. O. Leighton, 
an engineer, who believed that the Branch should concentrate on the mechanics and en- 
gineering of sinking wells and should do little if any geologic work. Leighton, therefore, 
allowed Darton only sufficient funds to liquidate his many projects in the West, and the 
fine staff Darton had assembled was dispersed. Fortunately the.Geologic Branch, which 
had supplied the funds for the geologic phases of the western underground water investiga- 
tions, in later years allotted funds to Darton to salvage many of the uncompleted jobs. 
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Leighton’s policy was not followed by his successors, as witnessed by the large amount of 
geologic work that has been done by the reconstituted Ground Water Division of the 
Water Resources Branch of the Survey. In later years Darton did several special jobs for 
this Division. 

After the disastrous reorganization of the Hydrographic Branch, Darton was trans- 
ferred on July 1, 1907, to the newly organized Technologic Branch of the Survey, whose 
chief was Darton’s great friend, J. A. Holmes. This association continued for several years 
and when the Bureau of Mines was organized in 1910 with Holmes as director, Darton was 
transferred to that Bureau. One of his first field assignments was to collect lignite samples 
in the Carbon County coal field in Montana. During the ro days he visited this area he 
made a geologic map of the coal field, which was published the next year as Geological 
Survey Bulletin 316-c. During these years with the Bureau he investigated structural 
materials that might be used in public buildings; he visited the marble quarries of White 
Pine, Nevada, and local sources of supply at Denver, San Francisco, Tacoma, Portland, 
and other parts of the country. Later work included a tour of duty with the Mine Acci- 
dents Division, studying the relation of structure to the accumulation of gas in southern 
Illinois and in the northern anthracite basin of Pennsylvania. 

From time to time, however, he was detailed to the Geologic Branch to complete 
several of his unfinished western projects and to conduct special investigations. During 
these years he realized how much he preferred geologic to technologic work, and finally, 
in July, 1913, he returned permanently to the Geological Survey to devote the rest of his 
life to geologic and related investigations. 

As soon as he returned to the Survey he was authorized to make a detailed study of 
the redbeds of New Mexico with special reference to the possibility of their containing 
commercial quantities of salt, and particularly potash. This assignment, resulting in his 
highly valued and comprehensive Bulletin 794, lasted from 1913 to 1919, but was inter- 
rupted by the need for his services in other investigations, including study of ground 
water and structural materials for Army camps during World War I. 

In 1919, in connection with his studies of the redbeds of New Mexico, he began work 
on a State geologic map. He soon felt the need of more topographic maps, so concurrently 
with his geologic mapping, made reconnaissance topographic maps from which he later 
compiled the present topographic map of the state. 

In 1914 director George Otis Smith proposed a series of railroad guidebooks along the 
principal transcontinental lines. Darton was naturally assigned the preparation of the 
guidebook for the Santa Fe route. He spent two months in the field studying the few parts 
of the line with which he was unfamiliar; his guidebook was published the next year (1915). 
This proved to be one report of the Geological Survey that was sold in large numbers at 
newsstands. 

In 1916 and 1919 Darton made short commercial investigations for ground water and 
petroleum in Cuba and the Dominican Republic, and in 1920, when he was 55 years old, 
one of the major oil companies commissioned him to make a reconnaissance survey of 
Baja California. He left San Diego in April, and began a trek southward through this 
barren, almost waterless desert. From time to time he was able to return by truck or 
boat to San Diego, but much of the trip consisted of arduous and perilous travel through 
a region parts of which were almost entirely unexplored. When he arrived at the tip of the 
peninsula, the natives refused to believe his statement that he had come overland from 
San Diego for they firmly believed that such a trip was impossible. As his explorations had 
shown that oil possibilities were not promising, the company permitted him to publish in 
1921 a general paper on the geology of the area and to prepare a map, published by the 
American Geographical Society, as a contribution toward the millionth-scale map of the 
world. 

These foreign explorations had delayed starting a cooperative program which had 
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been arranged in 1919 between the United States Geological Survey and the Arizona 
Bureau of Mines, but in 1921, Darton was able to begin his field work of preparing topo- 
graphic and geologic maps of Arizona. He spent 18 happy months in Arizona during 1921 
and 1922, with occasional visits to the campus of the University of Arizona where he was 
treated as one of the faculty. In May, 1922, he felt greatly honored when the University 
conferred on him the degree of Doctor of Science. His new maps were completed in 1924 
and were published by the State in the following year. 

After additional geologic work in New Mexico and Texas, he accepted a commission 
from a major oil company from October, 1926, until August, 1927, to make a reconnais- 
sance survey of the oil possibilities on the southeast side of the Venezuelan Andes. In this 
relatively unexplored region of poor exposures he correctly worked out the stratigraphic 
succession and is said to have demonstrated that the series of rocks on the southeast side 
of the Andes is similar to the petroliferous rocks of the Maracaibo Basin. 

On his return from Venezuela, Darton resumed work begun in June, 1925, on a new 
geologic map of that part of Texas outside the Coastal Plain. He reviewed and checked 
in the field all previously published information, and petroleum companies freely gave him 
what information they had. He soon found, however, that much of this vast area was 
geologically unexplored. Fortunately adequate topographic maps were available for much 
of the rugged Big Bend country but in other critical parts of trans-Pecos Texas he made 
his own topographic maps as bases for the geology. These maps were made in his geologic 
notebook by plotting a running compass traverse, metered by his automobile odometer, 
and taking compass bearings on all topographic and cultural landmarks. Darton’s amazing 
ability to judge relative altitudes by eye was checked from time to time by barometer 
readings. At the same time he sketched on these crude plats all the geology of the region, 
controlled wherever possible by fossil collections. These field plats were gradually built 
together into 30-minute sheets showing both topography and geology, using for control 
all triangulation stations and bench-marks. The resulting field sheets were in Darton’s 
words meant to present a “valid rather than an accurate map” of the area. The writer 
was fortunate in spending 2 summers in Texas as Darton’s camp-hand and driver and 
learning the field methods of this master of reconnaissance. He still finds it almost incred- 
ible that those field topographic and geologic maps grew at the rate of 500 square miles 
a week! Darton completed this major task of mapping in six field seasons. 

Darton nearly always made it a practice to transmit his complete report or map as 
soon as possible after completion of field work, generally in the winter following the field 
season. He had answered so many calls for his services, however, that necessarily he had 
to postpone completion of some of his assignments. During the last four years before his 
retirement he completed many of these tasks, including preparation of a State geologic 
map of South Dakota, now in course of publication, and drafting of many of his recon- 
naissance topographic sheets of Texas, which are now available to the public in the Library 
of Congress map collection. He also made a detailed study of the sand and gravel resources 
of parts of Virginia and Maryland, incidentally obtaining much new stratigraphic and 
physiographic information. 

When he reached the age of compulsory retirement in 1935, President Franklin D. 
Roosevelt granted him a year’s extension. He was detailed to the Fuels Section of the 
Survey and prepared a report and contour map of the structure of the northern anthracite 
basin in Pennsylvania. 

In 1936 when Darton was 71, he was retired, more than 50 years after he had joined 
the Survey. The chief geologist, however, knowing his tremendous productive ability, 
authorized his continued use of his Survey office. He made excellent use of this permission. 
During the next 12 years he engaged in active field work, producing a geologic map of the 
sedimentary formations in the Washington area, a contour map showing the configuration 
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of the bedrock surface in the District of Columbia, a study for the Geological Society of 
America of the structural relations of parts of the Coastal Plain of Maryland and Virginia, 
a report on some structural features of the northern anthracite coal basin of Pennsylvania, 
and completing several unfinished scientific papers on the geology of the southwestern 
states. Happily he lived to see all these published or in press. He also completed manuscript 
topographic maps of North and South Dakota and Nebraska, which are available for 
consultation. On February 11, only a few days before he died, he gave a half-hour lecture 
before the Geological Society of Washington on the geology of the Washington area. 

After this geologic address in 1948 he complained for several days of feeling tired, and 
while he was asleep, during the night of February 28, his heart stopped beating. His death 
shocked most of his associates because few had known that Darton had suffered a severe 
heart attack while in Europe several years earlier. 

Darton was fortunate in receiving tangible evidence of the homage of his profession 
during his lifetime. His colleagues recognized the tremendous areas covered in his detailed 
and reconnaissance mapping in the West and his pioneer work in establishing the strati- 
graphic nomenclature over vast areas. They also wished to honor him as the last survivor 
of the great exploratory geologists of American History. Besides the honorary degree of 
Doctor of Science from the University of Arizona bestowed in 1922, he was made an honor- 
ary member of the American Association of Petroleum Geologists in 1938; was given the 
Daly gold medal of the American Geographical Society in 1930; and, because of his ex- 
plorations in the Southwest, particularly Baja California, his name was posted in the 
Society building in bronze letters in company with other famous explorers. He was granted 
the Penrose medal by the Geological Society of America in 1940; and he was enrolled in the 
Legion of Honor of the American Institute of Mining and Metallurgical Engineers in 1944. 
A few weeks before the end he was presented with a certificate of election as an honorary 
life member of the National Geographic Society. An honor that touched him very deeply 
was the dedication by the Kansas Geological Society of two different programs of their 
annual excursions for 1938 and 1940 into the Rocky Mountains—a tribute from men 
who were most competent to evaluate his work. 

Darton was active in more than 20 American and foreign scientific and literary socie- 
ties. He was the last surviving original fellow and a vice-president of the Geological Society 
of America, a founder and later president of the Geological Society of Washington, a 
charter member of the Society of Economic Geologists, a founding member of the Associa- 
tion of American Geographers, president for several years of the Spanish American Athen- 
eum, and a long-time vice-president of the Alliance Frangaise. 

No memorial to N. H. Darton would be complete without mention of his wife, Alice 
Wasserbach Darton, who accompanied him on nearly all his field trips, sharing the hard- 
ships of camp life and easing them where she could. Only those of us who worked closely 
with him can appreciate the inspiration she provided. He is survived by Mrs. Darton, two 
sons, a daughter, and six grandchildren. 

Watson H. Monroe 


Washington, D.C. 
December 1, 1948 


FRANK RIEBER 
(1891-1948) 
Frank Rieber, member of the Association, a distinguished physicist and inventor, 


died in New York City on June 30, 1948, of a heart ailment which had given him some 
concern for the past 10 years. 
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Activities in his chosen field were widespread but were particularly applied to electron- 
ics and sonics in which 48 patents are accredited to him in the United States Patent Office. 
But it was in the field of seismology that his interest specialized. In 1924 he first began to 
develop his refraction seismograph and later the reflection instrument. He was active from 
time to time in the contracting field with his own instruments. He joined the Association 
in 1934 and the Society of Exploration Geophysicists in 1936 and ‘attended the annual 
meetings of the two societies. 

While Frank was widely known among the geophysicists he also had many ardent 
friends and admirers among the geologists particularly in California where he maintained 
his office and laboratory up to the commencement of the War. During the war years he 
worked in New York, principally on appliances useful to the armed forces, and continued 
there until his death. 

Frank was the son of the late Dr. Charles Henry Rieber the esteemed Dean of the 
College of Letters and Science at the University of California at Los Angeles and Mrs. 
Winifred Smith Rieber, a skilled professional artist who is well known for her portraits of 
famous philosophers, educators, and scientists. Thus Frank was raised in cultural and 
intellectual surroundings which gave him the stimulus and ambition which influenced 
his development. He graduated from Berkeley (California) High School and received his 
B.S. degree from the University of California in 1915. 

Frank circulated in those groups where scientific and artistic attainments were the 
admission cards and he was widely known in circles far removed from those allied with 
geology. 

Immediate relatives who survive him are his mother, Mrs. Winifred Smith Rieber; his 
wife, Mrs. LuGarda Mayer Rieber; two sons, William K. and Frank Rieber, Jr., and a 
daughter, Mrs. Rufus Ranney. 

Frank was a genius and could have in all probability invented any sort of gadget needed 
to do any useful function. He was one of the most delightful conversational companions 
in the world. The more one saw of Frank the more cause to wonder and marvel at his wide 
scope of knowledge and his ability to analyze acutely the elements of a problem one would 
least suspect as stimulating any interest in his active mind. Any problem was a challenge to 
him. It can be said that when God made Frank he threw away the mold because there will 
never be another man like him. His loss will be long felt by his family and all of his ac- 
quaintances. 

J. R. PEMBERTON 


Los Angeles, California 
November 15, 1948 
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AT HOME AND ABROAD 


NEWS OF THE PROFESSION 


Davin T. Ricuarps, who until November 1, 1948, was engaged in consulting work, is 
now employed as assistant district geologist with the Superior Oil Company in the Wichita 
Falls district, Texas. 


JouHN GLENN Marks is with the Creole Petroleum Corporation at Caracas, Venezuela. 


Joun C. May has changed his address from the Independent Exploration Company, 
Bakersfield, California, to the Intex Oil Company, 4801 Lemmon Avenue, Dallas, Texas. 


RicHARD M. HoLianp has left the Sinclair Prairie Oil Company to become geologist 
with the J. S. Abercrombie Company at Houston, Texas. 


Max W. Batt, during the past 2 years director of the oil and gas division of the 
United States Department of the Interior, resigned effective December 1, 1948. He plans 
to return to private consulting practice with offices in Washington, D. C. 


Howarp A. MEyERHoFF, professor of geology and geography in Smith College, 
Northampton, Massachusetts, has been elected administrative secretary of the American 
Association for the Advancement of Science, for a term of 4 years beginning January 15, 
1949. He succeeds F. R. Moutron. 


CuHarLEs E. PirrMan, formerly with the Amerada Petroleum Corporation at Duncan, 
Oklahoma, and Midland, Texas, has resigned to take a position as geologist with the 
Champlin Refining Company, Enid, Oklahoma. 


J. M. Harrison, of the Geologic Survey of Canada, spoke on “The Structural Geology 
in the Canadian Shield as Revealed by Air Photographs,” before the Tulsa Geological 
Society, at the University of Tulsa, December 6. At the luncheon meeting of the Society, 
December 3, HuBERT E. BALE, geologist of Oklahoma City, spoke on “Evaluation of Oil 
and Gas Land.” 


ALBERT GREGERSEN, of Copenhagen, spoke at the Pacific Section luncheon at Los 
Angeles, California, December 9, on “Reminiscences of a Danish Explorer,” outlining 
some of his experiences in Denmark where he has been for the past 3 years, with the 
Danish-American Prospecting Company. 


WiitraM S. HoFFMEIsTER, research geologist for the Carter Oil Company, gave a talk 
before the geological seminar at the University of Massachusetts, entitled ‘Petroleum 
Geology,” on the evening of November g, at Amherst, Massachusetts. 


The department of geology and geography of the University of Tennessee is sponsor- 
ing a symposium on the mineral resources of the Southeast. Sessions will be held on the 
campus at Knoxville, on March 3, 4, and 5. Papers on the major metallic and non-metallic 
mineral products of the Southeast will be presented by invited speakers. 


ODELL C. OLson has resigned as district engineer of the oil and gas division of the 
Railroad Commission of Texas, and is now employed at Breckenridge, Texas, in the 
capacity of production engineer with Fred M. Manning, Inc., drilling contractor of 
Denver, Colorado. 
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The presidential address of retiring president W. W. RuBeEy of the Geological Society 
of Washington was given on December 8 at the Cosmos Club in Washington, D. C. It was 
entitled ““The Problem of Changes in Composition of Seawater and Atmosphere during 
the Geologic Past.”’ New officers elected at this meeting to serve for 1948 are: president, 
James STEELE Wi1t1Ams of the Geological Survey; vice-president, EARL INGERSON and 
E. T. McKnicut; secretary, R. E. VAN ALSTYNE; treasurer, Mrs. CHARLOTTE MARSH 
WarsHAw. Members-at-large of the council are: D. H. DUNKLE, WENONAH ECKSTEIN, 
P. I. O. F. Turrie, and FRANK WuITMorE. Representative to the Washington 
Academy of Science is J. B. REESIDE, JR. 


The Southeastern Geological Society of Tallahassee, Florida, conducted its 6th field 
trip last November, on which its guidebook on “The Cretaceous of East-Central Ala- 
bama”’ was used. The trip was led by D. Hove Earcte of the United States Geological 
Survey, Tuscaloosa, Alabama, who has recently been working on the Cretaceous in Ala- 
bama. Members of the field-trip committee from the society were: H. G. WALTER, chair- 
man, Ohio Oil Company; J. L. CALvER, acting chairman, Florida Geological Survey; 
W. C. BLackBuRN, Humble Oil and Refining Company; W. B. JonEs, State geologist of 
Alabama. The officers of the society are: PauL L. APpLin, president; E. H. RAINWATER, 
vice-president; and ELEANOR T. CALDWELL, secretary-treasurer. Guidebooks are avail- 
able and may be purchased at $3.00 each by writing: Secretary, Southeastern Geological 
Society, Box 841, Tallahassee, Florida. 


Tuomas L. ALLEN, Petty Geophysical Engineering Company, spoke on “Problems in 
Geophysical Exploration in South Texas and Specific Study of Washburn Field, La Salle 
County,” at the meeting of the South Texas Section of the Association, at San Antonio, 
Texas, December 16. 


E. P. NEAL, Tide Water Associated Oil Company, spoke on “The Geology of the Ceres 
Pool, Noble County, Oklahoma,” at the luncheon meeting of the Tulsa Geological Society, 
December 17. 


Joun G. BARTRAM, Stanolind Oil and Gas Company, discussed “Oil in the Ellenburger 
and Arbuckle of the Mid-Continent,” at the meeting of the Tulsa Geological Society, 
December 20. 


The library of the late GAyLE Scott, formerly editor of the A.A.P.G. and secretary- 
treasurer and president of the Society of Economic Paleontologists and Mineralogists, 
has been donated to the Texas Christian University, where he taught geology from 1919 
to 1948. Each volume will bear a special gift plate, for which the art work was designed 
by a former student, C. IVAN ALEXANDER. 


Le Moyne W. Myers has changed company affiliation from the Creole Petroleum 
Corporation, Maracaibo, to the Socony-Vacuum Oil Company of Venezuela, at Caracas. 


M. Guy Epwarps has completed 25 years of service with the Shell Oil Company. 
His address is 2154 N. Villa Heights Road, Pasadena, California. 


The Geological Forum of the Pacific Section of the Association presented the following 
program of papers at Los Angeles, December 20: ‘‘The Principal Structural and Geologic 
Features of the Santa Maria Basin,” by W. R. CABEEN, consultant geologist; ““The Gen- 
eralized Lithology and Stratigraphy of the Santa Maria Basin,” by ADEN W. HuGHEs, 
paleontologist and geologist of the Union Oil Company; and ‘‘Production Problems of the 
Santa Maria Basin Oil Fields,” by At Hitron, of the Union Oil Company. 
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WEST TEXAS GEOLOGICAL SOCIETY FIELD TRIP 


Orricers oF West TEXAS GEOLOGICAL Society and field trip leaders on Society’s Fall Field 
Trip, Green Valley, Solitario, and Barrilla mountains, October 29-31, 1948. Left to right: W. A. 
Waldschmidt, president; Clyde W. Turner, secretary; Samuel S. Goldich, University of Minnesota, 
leader; Ronald K. DeFord, University of Texas, leader; G. K. Eifler, Jr., University of Texas, leader; 
Miss Jane Marie Johnson, treasurer; John T. Lonsdale, director, Bureau of Economic Geology, 
University of Texas, leader; Clay L. Seward, University of Texas, leader. 
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MEMBERSHIP APPLICATIONS APPROVED FOR PUBLICATION 


The executive committee has approved for publication the names of the following 
candidates for membership in the Association. This does not constitute an election but 
places the names before the membership at large. If any member has information bearing 
on the qualifications of these nominees, he should send it promptly to the Executive Com- 
mittee, Box 979, Tulsa 1, Oklahoma. (Names of sponsors are placed beneath the name of 
each nominee.) 


FOR ACTIVE MEMBERSHIP 


William Charles Bell, St. Paul, Minn. 

Virgil E. Barnes, Fred M. Swain, Samuel S. Goldich 
Earl Gordon Griffith, Maracaibo, Venezuela, S. A. 

John G. Douglas, I. G. Davis, George O. Relf, Jr. 
LeRoy Cecil Henderson, Fort Worth, Tex. 

Raymond W. Dudley, Robert Klabzuba, C. Harrison Cooper 
Diane Loranger, Calgary, Alta., Canada 

E. W. Shaw, William F. Wuest, F. A. McKinnon 
Robert E. Moyar, Rouseville, Pa. 

O. C. Wheeler, W. A. Waldschmidt, A. Lyndon Bell 
Maurice J. Mundorff, Raleigh, N. Car. 

V. T. Stringfield, A. N. Sayre, S. M. Herrick 
Clemens Arvid Nelson, Los Angeles, Calif. 

Cordell Durrell, Fred M. Swain, John C. Crowell 
James Nathan Sims, Houston, Tex. 

Jerome B. Sasse, Charles M. Allen, Harris H. Allen 
Lyon F. Terry, New York, N. Y. 

Joseph E. Pogue, Homer M. Eagles, Ralph E. Davis 
Robert Wallace Webb, Santa Barbara, Calif. 

Cordell Durrell, James Gilluly, Ian Campbell 


FOR ASSOCIATE MEMBERSHIP 


Karl Eugene Baer, San Antonio, Tex. 

E. L. Lucas, V. E. Monnett, Keith M. Hussey 
Mabel Louise Blake, Shreveport, La. 

G. D. Thomas, J. G. Watson, Norman S. Hinchey 
Curtis Carrol Bratt, Wellington, Kan. 

E. F. Schramm, W. H. Courtier, A. J. Hintze 
James Marion Bridges, Baton Rouge, La. 

H. Mack Cox, Gurrie R. Henson, H. V. Howe 
Robert Ross Brillhart, Lafayette, La. 

F. B. Stein, James S. Kirkendall, Lloyd D. Traupe 
James Elwood Bryant, Houston, Tex. 

S. A. Berthiaume, A. H. Bleyberg, F. E. Mettner 
Harriet Verna Cameron, Winnfield, La. 

Robert L. Geyer, H. V. Howe, Chalmer J. Roy 
James Warren Clark, Monument, N. Mex. 

Frank Byrne, J. R. Chelikowsky, Charles P. Walters 
Dayton Harris Clewell, Dallas, Tex. 

John T. Rouse, John W. Clark, Fred H. Wilcox 
Robert W. Crouch, Bakersfield, Calif. 

K. O. Emery, Thomas Clements, W. T. Rothwel!. Jr. 
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Joffre John Crouere, New Orleans, La. 

H. T. Richardson, Fred S. Goerner, H. N. Hickey 
Eugene R. Douglas, Midland, Tex. 

N. B. Winter, Robert N. Watson, Frank E. Lozo, Jr. 
James Layton Eppler, Houston, Tex. 

G. J. Smith, Weldon E. Cartwright, Donald I. Gahagan 
Lawrence Bres Eustis, Harvey, La. 

T. R. Eskrigge, Philip R. Allin, R. A. Steinmayer 
John D. Frick, Los Angeles, Calif. 

Cordell Durrell, U. S. Grant, John C. Crowell 
John Frederick Hall, Columbus, Ohio 

Edmund M. Spieker, Donald L. Norling, J. Osborn Fuller 
Lehi F. Hintze, New York, N. Y. 

Marshall Kay, Norman D. Newell, H. N. Coryell 
Vance Edward Katherman, Columbus, Ohio 

Donald L. Norling, J. Osborn Fuller, Edmund M. Spieker 
William Sweitzer King, Denver, Colo. 

R. C. Holmer, W. S. Levings, F. M. Van Tuyl 
Robert Reid Lamb, Casper, Wyo. 

H. W. Scott, Harold R. Wanless, J. L. Hough 
Clarence Lohman, Jr., Houston, Tex. 

Hal P. Bybee, F. L. Whitney, G. K. Eifler, Jr. 
Hugh Marvin Looney, Wichita, Kan. 

W. D. Keller, Raymond E. Peck, H. Harold Trager 
Daniel Francis Merriam, Lawrence, Kan. 

C. G. Lalicker, H. A. Ireland, Robert M. Dreyer 
Herbert H. Moody, Dallas, Tex. 

E. F. McMullin, M. C. Kelsey, J. Frank Rollins 
Melville Rhodes Mudge, Manhattan, Kan. 

Frank Byrne, J. R. Chelikowsky, Charles P. Walters 
Ben Hutchinson Parker, Jr., Golden, Colo. 

A. E. Brainerd, K. C. Forcade, J. Harlan Johnson 
Bruce Terrill Pearson, Corpus Christi, Tex. 

R. A. Stehr, W. H. Cardwell, W. J. Hilseweck 
Robert Forrest Plank, Bartlesville, Okla. 

R. L. Kidd, R. C. Hussey, K. K. Landes 
Joseph Stanley Pluta, Houston, Tex. 

R. E. Rettger, Sidon Harris, John D. La Touche 
John William Reid, Rangely, Colo. 

Cordell Durrell, M. N. Bramlette, John C. Crowell 
Gerald P. Salisbury, Cut Bank, Mont. 

Max Krueger, R. H. Beckwith, D. L. Blackstone, Jr. 
Harold Wesley Sherrod, Paoli, Okla. 

E. L. Lucas, W. F. Cloud, V. E. Monnett 
Jimmie C. Smith, Jr., Dewey, Okla. 

J. C. Finley, John H. Nelimark, D. B. Wines 
Warren Charles Thompson, La Jolla, Calif. 

Francis P. Shepard, M. N. Bramlette, U. S. Grant 
Harry William Wassall, III, Winnfield, La. 

A. N. Murray, W. D. McEachin, R. A. Brant 
Karl Edward Weigl, Carlsbad, N. Mex. 

H. M. Goodman, W. A. Ver Wiebe, J. R. Berg 
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FOR TRANSFER TO ACTIVE MEMBERSHIP 


mone Allen Bernard, Lafayette, La. 

Grover E. Murray, Stanley M. McDonald, F. B. Stein 
Sint D. Burke, Corpus Christi, Tex. 

R. A. Stehr, John M. Clayton, W. H. Cardwell 
Roy Harris, El Dorado, Ark. 

E. D. Klinger, W. C. Dennis, C. J. Hoke 
Sidney Afton Lindsay, Houston, Tex. 

Donald I: Gahagan, Benjamin T. Simmons, Jack O. Colle 
James William McHugh, Tulsa, Okla. 

V. C. Scott, L. H. Lukert, B. Maxwell Miller 
Robert Oliphant Mitchell, Middlesboro, Ky. 

Ben F. Baldwin, Joseph B. Wheeler, George H. Galloway 
Jack Allen Taylor, Norman, Okla. 

Carl A. Moore, V. E. Monnett, Keith M. Hussey 
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PROFESSIONAL DIRECTORY 


CALIFORNIA 


EVERETT C. EDWARDS 
Geologist 


501 South Coast Boulevard 


Telephone 1332 Laguna Beach, California 


PAUL P. GOUDKOFF 
Geologist 


Foraminifera 
rains 


Geologic Correlation b 
and Mineral 

799 Subway Terminal Building 

LOS ANGELES, CALIFORNIA 


HAROLD W. HOOTS 
Geologist 
$55 South Flower 


Los ANGELES 13 CALIFORNIA 


LUIS E. KEMNITZER 
KEMNITZER, RICHARDS AND DIEPENBROCK 
Geologists and Petroleum Engineers 


1003 Financial Center Building 
704 South Spring Street 
LOS ANGELES 14, CALIFORNIA 


VERNON L. KING 
Petroleum Geologist and Engineer 
707 South Hill Street 


Los ANGELES, CALIFORNIA 
Vandike 7087 


_ A. I. LEVORSEN 
Petroleum Geologist 


STANFORD UNIVERSITY CALIFORNIA 


ERNEST K. PARKS 
Consultant in 
Petroleum and Natural Gas Development 
and 
Engineering Management 


614 S. Hope St. 
LOS ANGELES, CALIFORNIA 


HENRY SALVATORI 
Western Geophysical Company 


711 Edison Building 
601 West Fifth Street 
LOS ANGELES, CALIFORNIA 


RICHARD L. TRIPLETT 
Core Drilling Contractor 


1660 Virginia Road 


PArkway 9925 Los ANGELEs 6, CALIF. 


CANADA 


THEO. A. LINK 
Geologist 


810A First Street West 
Calgary, Alberta 
Main 3005 


Room 3100 
25 King Street West 
Toronto 1, Ontario 
Elgin 7313 CANADA 


COLO 


RADO 


C. A. HEILAND 
Heiland Research Corporation 


130 East Fifth Avenue 
DENVER 9, COLORADO 


HARRY W. OBORNE 
Geologist 


620 East Fontanero Street 
Colorado Springs, Colorado 
Main 4711 


EVERETT S. SHAW 


Geologist and Engineer 
3141 Zenobia Street 
DENVER 12 COLORADO 


V. ZAY SMITH L. BRUNDALL 
R. McMILLAN A. R. WASEM 
Geophoto Services 


Photogeologists and Consulting Geologists 
305 E & C Building DENVER 2, COLO. 
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ILLINOIS 


Cc. E. BREHM 


Consulting Geologist 
and Geophysicist 


New Stumpp Building, Mt. Vernon, Illinois 


L. A. MYLIUS 
Geologist Engineer 
Yancey Building 102% E. Broadway 


Box 264, Centralia, Illinois 


J. L. MCMANAMY 
Consulting Geologist 


Mt. Vernon, Illinois 


T. E. WALL 
Geologist 


Mt. Vernon Illinois 


INDIANA 


HARRY H. NOWLAN 
Consulting Geologist and Engineer 
Specializing in Valuations 
Evansville 19, Indiana 


317 Court Bldg. Phone 2-7818 
KANSAS 
EDWARD A. KOESTER 

PETROLEUM 

GEOLOGIST Petroleum Geologist 
Office Phone 3-1540 600 Bitting Building 302 Orpheum Bldg., Wichita, Kansas 
Res. Phone 2-7266 Wichita 2, Kansas 

LOUISIANA 


GORDON ATWATER 
Consulting Geologist 


Whitney Building 
New Orleans Louisiana 


WILLIAM M. BARRET, INC. 


Consulting Geophysicists 


Specializing in Magnetic Surveys 
Giddens-Lane Building SHREVEPORT, La. 


MISSISSIPPI 


R. Merrill Harris Willard M. Payne 
HARRIS & PAYNE 
Geologists 


100 East Pearl Bldg. Phone 4-6286 
Jackson, Miss. or L. D. 89 


FREDERICK F. MELLEN 
Consulting Geologist 
P.O. Box 2584 
West Jackson Station 
Jackson, Mississippi 
113% W. Capitol Street Phone 54541 
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MISSISSIPPI 


E. T. MONSOUR 
Consulting Geologist 
P.O. Box 2571 
West Jackson Station 
Jackson, Mississippi 


11214 E. Capitol St. Phone 2-1368 


G. W. GULMON N. W. JoHNs 
GULMON AND JOHNS 
Petroleum Geologists 


NATCHEZ, MISS. Phone 735 


Byrnes Bldg. 


MONTANA 


NEW MEXICO 


HERBERT D. HADLEY 


Petroleum Geologist 
Billings, Montana 


801 Grand Ave. Phone 2950 


NEW MEXICO 


SHERMAN A. WENGERD 
Petroleum Geologist 


University Station 
Albuquerque 


8861 
New Mexico at. 31 


VILAS P. SHELDON 
Consulting Geologist 


Carper Building 
Artesia, New Mexico 


Office Phone 720-W 
Home Phone 702-J 


NEW YORK 


BROKAW, DIXON & McKEE 


Geologists Engineers 
OIL—NATURAL GAS 


Examinations, Reports, Appraisals 
Estimates of Reserves 
Gulf Building 


120 Broadway 
ouston 


New York 


NEW YORK 


NORTH CAROLINA 


BASIL B. ZAVOICO 
Petroleum Geologist and Engineer 
220 E. 42nd St. City National Bank Bldg. 
New York 17, N.Y. Houston, Texas 


RODERICK A. STAMEY 
Petroleum Geologist 


109 East Gordon Street 
NortH CAROLINA 


MUrray Hill 7-7591 Charter 4-6923 KINSTON 
OHIO 
JOHN L. RICH GORDON RITTENHOUSE 
Geologist Geologist 
General Petroleum Geology Specializing in sedimentation 
Geological Interpretation of Aerial Photographs and sedimentary petrology 
iversi University of Cincinnati 
f . 
Cincinnati 21, Ohio 
OKLAHOMA 


ELFRED BECK 
Geologist 
821 Wright Building Box 55 
TULSA, OKLA. DALLAS, TEX. 


GARTH W. CAYLOR 
Consulting Geologist 


206 Elm Oil Building 
624 South Cheyenne Avenue 
Tel. 2-1783 Tulsa, Oklahoma 


CRAIG FERRIS 
Geophysicist 
E. V. McCollum & Co. 
$15 Thompson Bldg. 
Tulsa 3, Okla. 
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OKLAHOMA 


E. J. HANDLEY 
Vice-President 
CENTURY GEOPHYSICAL CORPORATION 


Phone $-1171 


1333 North Utica Tulsa 6, Okla 


R. W. LAUGHLIN 
WELL ELEVATIONS 
LAUGHLIN-SIMMONS & Co. 


615 Oklahoma Building 
TULSA OKLAHOMA 


FRANK A. MELTON 
Consulting Geologist 
Aerial Photographs 


and Their Structural Interpretation 


1010 Chautauqua Norman, Oklahoma 


CLARK MILLISON 
Petroleum Geologist 
Domestic and Foreign Consultation 
Philtower Building Tulsa, Oklahoma 


HUGH C. SCHAEFFER 
Geologist and Geophysicist 
Schaeffer Geophysical Company 


Federal National Bank Building 
SHAWNEE, OKLAHOMA 


P. B. NICHOLS H. T. BROWN 


Mechanical Well Logging 
THE GEOLOGRAPH ComMPaNy, INC. 
27 N.E. 27 
Phone 58-5511 P.O. Box 1291 
Oklahoma City 1, Oklahoma 


JOSEPH A. SHARPE 
Geophysicist 


Frost GEOPHYSICAL CORPORATION 
4408 South Peoria Ave. Tulsa 3, Okla. 


WARE & KAPNER 
SAMPLE LOG SERVICE 
Wildcat Sample Log Service 
Covering Southern Oklahoma 
John M. Ware H. H. Kapne: 
Tulsa, Oklahoma 
332 East 29th Place 4-2539 


G. H. WESTBY 
Geologist and Geophysicist 


Seismograph Service Corporation 


Kennedy Building Tulsa, Oklahoma 


PENNSYLVANIA 


HUNTLEY & HUNTLEY 
Petroleum Geologists 
and Engineers 
Grant Building, Pittsburgh, Pa. 
L. G. HUNTLEY 
J. R. Jr. 

JaMeEs F, Swain 


TEXAS 


JOSEPH L. ADLER 
Geologist and Geophysicist 
Contracting Geophysical Surveys 
in Latin America 
Independent Exploration Company 
Esperson Building Houston, Texas 


CHESTER F. BARNES 
Geologist and Geophysicist 


Petroleum Bldg. P.O. Box 266, Big Spring, Tex. 


xi 


Bulletin of The American Association of Petroleum Geologists, January, 1949 


xiii 


TEXAS 


BRYAN D. BECK, JR. 
Petroleum Consultant 
Geology Engineering Micropaleontology 
Drilling Blocks—Farmouts 
Well Promotions—Production 


222 Orleans Street Beaumont, Texas 


R. L. BECKELHYMER 
Consulting Geologist 


Domestic and Foreign Experience 
307 Rusk Building Houston 2, Texas 


JOHN L. BIBLE 
Consulting Geophysicist 
TIDELANDS EXPLORATION COMPANY 
Seismic and Gravity Surveys on Land and Sea 
2626 Westheimer 
Houston 6, Texas 


IRA A. BRINKERHOFF 
Geologist 
Associated with 


CUMMINS, BERGER & PISHNY 
National Standard Building 


Houston, Texas 


HART BROWN 
Brown GEOPHYSICAL COMPANY 
Gravity 


P.O. Box 6005 Houston 6, Texas 


E. O. BUCK 
Geologist and Petroleum Engineer 
NationaL BANK OF COMMERCE 


GuLF BuiLpINc, Houston, TExas 


R. W. BYRAM 
R. W. BYRAM & COMPANY 
Geologists and Petroleum Engineers 


Texas Oil and Gas Statistics Austin, Texas 


GEORGE W. CARR 
Carr Geophysical Company 


Commerce Building Houston, Texas 


D’ARCY M. CASHIN 
Geologist Engineer 
Specialist Gulf Coast Salt Domes 
Examinations, Reports, Appraisals 
Estimates of Reserves 
705 Nat'l Standard Bldg. 
HOUSTON, TEXAS 


PAUL CHARRIN 
Geologist and Geophysicist 


UNIVERSAL EXPLORATION COMPANY 
2044 Richmond Road, Houston 6, Texas 


913 Union National Bank Building 
Houston 2, Texas 


CUMMINS, BERGER & PISHNY 
Consulting Engineers & Geologists 


Specializing in Valuations 
Ralph H. Cummins 
alter R. Berger 
Chas. H. Pishny 


1603 Commercial 
Standard Bldg. 
Fort Worth 2, Texas 


R. H. DANA 
Southern Geophysical Company 
Sinclair Building 


FORT WORTH, TEXAS 


E. DEGOLYER 
Geologist 
Esperson Building 
Houston, Texas 


Continental Building 
Dallas, Texas 


ALEXANDER DEUSSEN 
Consulting Geologist 
Specialist, Gulf Coast Salt Domes 


1006 Shell Building 
HOUSTON, TEXAS 
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TEXAS 
DAVID DONOGHUE 
Consulting Geologist 
Appraisals - Evidence - Statistics 
Fort Worth National FORT WORTH, 
Bank Building TEXAS 
RALPH H. FASH F. JULIUS FOHS 
Geologist 
Consulting — 2133 Commerce Building 
Chemistry applied to the search for oil Houston 2, Texas 
Telephones: 11 E. 44th Street 
1811 W. T. Waggoner Bldg. Office 3-7351 New York 17, N.Y. 
Fort Worth 2, Texas Res. 5-3852 


JOHN A. GILLIN 
National Geophysical Company 


Tower Petroleum Building 
Dallas, Texas 


CECIL HAGEN RALPH B. CANTRELL 
Petroleum Geology & Engineering 


Gulf Bldg. HO!'STON, TEXAS 


MICHEL T. HALBOUTY 


Consulting 
Geologist and Petroleum Engineer 


Suite 729-32, Shell Bldg. 
Houston 2, Texas Phone P-0376 


SIDON HARRIS 
Southern Geophysical Company 


1003 Sinclair Building, FORT WORTH 2, TEXAS 


L. B. HERRING 
Geologist 
Natural Gas Petroleum 


Second National Bank of Houston, Houston, Texas 


JOHN M. HILLS 
Consulting Geologist 


Midland, Texas 


Box 418 Phone 1015 


SAMUEL HOLLIDAY 


Consulting Paleontologist 
207 Mulberry Lane 


Bellaire, Texas 


R. V. HOLLINGSWORTH 
HAROLD.L. WILLIAMS 


PALEONTOLOGY LABORATORY 


Box 51 Phone 2359 


MIDLAND, TEXAS 
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TEXAS 
J. 8S. HUDNALL G. W. PIRTLE Cc. E. HYDE 
HUDNALL & PIRTLE Geologist and Oil Producer 
Petroleum Geologists 
1715 W. T. Waggoner Building 
Peoples Nat’! Bank Bldg. TYLER, TEXAS FORT WORTH 2, TEXAS 
W. P. JENNY 
JOHN S. IVY Consulting Geologist and Geophysicist 
Geologist AERIAL MAGNETIC and MICROMAGNETIC 


1124 Niels Esperson Bldg. HOUSTON, TEXAS 


SURVEYS and INTERPRETATIONS 
GEOPHYSICAL CORRELATIONS 


1404 Esperson Bldg. HOUSTON, TEXAS 


V. ROBERT KERR 
Consulting Seismologist 
Original and Review Interpretations 
Associated with 
CUMMINS, BERGER AND PISHNY 
Commercial Standard Bldg. = Fort Worth 2, Tex. 


H. KLAUS 
Geologist and Geophysicist 
ExPpLORATION COMPANY 
Geophysical Surveys and Interpretations 
Gravitymeter, Torsion Balance 
and Magnetometer 


Box 1617, Lubbock, Texas 


JOHN D. MARR 


Geologist and Geophysicist 


SEISMIC EXPLORATIONS, INC. 


Gulf Building Houston, Texas 


PHIL F. MARTYN 
Petroleum Geologist 


2703 Gulf Building 


Charter 4-0770 Houston 2, Texas 


HAYDON W. McDONNOLD 
Geologist and Geophysicist 


KEYSTONE EXPLORATION COMPANY 


2813 Westheimer Road Houston, Texas 


R. L. MCLAREN 


TEXAS SEISMOGRAPH COMPANY 


Panhandle Bldg. WICHITA FALLS, TEXAS 


GEORGE D. MITCHELL, JR. 
Geologist and Geophysicist 


ADVANCED EXPLORATION COMPANY 


622 First Nat'l Bank Bldg. Houston 2, Texas 


R. B. MITCHELL 
Consulting Geologist 


THE R. B. MITCHELL COMPANY 


-City National Bank Bldg. Houston 2, Texas 


P. E. NARVARTE 
Consulting Geophysicist 
Seismic Interpretations 


Specializing in Faulting and Velocity Analysis 
Current Supervision and Review 


American Hospital & Life Building 
San Antonio 5, Texas 
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TEXAS 


LEONARD J. NEUMAN 
Geology and Geophysics 
Contractor and Counselor 
Reflection and Refraction Surveys 


943 Mellie Esperson Bldg. Houston, Texas 


ROLAND B. PAXSON 


Consulting Geologist 
and 
Petroleum Engineer 


1933 Commerce Bldg. Houston 2, Texas 


DABNEY E. PETTY 
10 Tenth Street 
SAN ANTONIO, TEXAS 


No Commercial Work Undertaken 


J. C. POLLARD 
Robert H. Ray, Inc. 
Rogers-Ray, Inc. 
Geophysical Engineering 


2911 Gulf Building Houston 2, Texas 


ROBERT H. RAY 
Robert H. Ray, INc. 


Geophysical Engineering 
Gravity Surveys and Interpretations 


National Standard Bldg. Houston 2, Texas 


F. F. REYNOLDS 
Geophysicist 
SEIsMic EXPLORATIONS, INC. 


2911 Gulf Building Houston 2, Texas 


W. SANDERS 
Consulting Geologist 


2413 Colonial Parkway Fort Worth 4, Texas 
Phone 4-7188 


HUBERT L. SCHIFLETT 


STATES EXPLORATION COMPANY 


Sherman Texas 


A. L. SELIG 


Consulting Geologist 


Gulf Building Houston, Texas 


E. JOE SHIMEK HART BROWN 
GEOPHYSICAL ASSOCIATES 
Seismic 


P.O. Box 6005 Houston 6, Texas 


WM. H. SPICE, JR. 
Consulting Geologist 


2101-02 Alamo National Building 
SAN ANTONIO, TEXAS 


HARRY C. SPOOR, JR 


Consulting Geologist 


Petroleum... .. + Natural Gas 


Commerce Building Houston, Texas 


W. W. WEST 
PERMIAN BASIN SAMPLE LABORATORY 
123 Midland Tower Phone: 3400 Midland, Texas 


All current West Texas and New Mexico Permian 
Basin wildcat and key 1 well sample descrip- 
tions on a monthly subscription basis. 


Descriptions on old wells. 


CHARLES C. ZIMMERMAN 
Geologist and Geophysicist 


KEYSTONE EXPLORATION COMPANY 
2813 Westheimer Road Houston, Texas 
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WEST VIRGINIA WYOMING 
DAVID B. REGER EDWARD C. SIMPSON 
Consulting Geologist Geologist 

; Box 101 
MORGANTOWN WEST VIRGINIA 
WYOMING 
E. W. KRAMPERT HENRY CARTER REA 
Geologist Consulting Geologist 
Specialist in Photogeology 
P.O. Box 1106 eee 
CASPER, WYOMING CASPER, WYOMING 


Source Data 


DIRECTORY OF GEOLOGICAL MATERIAL 
IN NORTH AMERICA 
By 


J. V. HOWELL AND A. |. LEVORSEN 
Tulsa, Oklahoma, and Stanford University, California 


I. General Material :—National and continental in area 


A. Publications and non-commercial publishing agencies, regional, national, and con- 
tinental 


B. Bibliographies, general 

C. Dictionaries, glossaries, encyclopedias, statistics, handbooks 

D. Miscellaneous books and publications of general geological interest 
E. Commercial map publishers 

F. Regional and national geologic and physiographic maps 

G. State and Province geological maps 

H. Trade journals: oil, gas, mineral industry 

I. Libraries furnishing photostat and microfilm service 

J. Thin-section and rock-polishing service 


II. Specific Material :—State and Province in area 
A. Canada, by provinces, and Newfoundland 
B. Central American countries 
C. Mexico 
D. United States—states and territories 


Originally published as Part Il of the August, 1946, Bulletin 
PRICE, 75¢ POSTPAID 


THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
BOX 979, TULSA 1, OKLAHOMA, U.S.A. 
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GEOLOGICAL AND GEOPHYSICAL SOCIETIES 


THE SOCIETY OF 
EXPLORATION GEOPHYSICISTS 


President - - - - - - L. L. Nettleton 
Gravity Meter Co. 

1348 Esperson Bldg. .» Houston, Tex. 
Vice-President - - + Andrew J. Gilmour 
Amerada Petroleum Corporation 
Box 2040, Tulsa, _Okishoma 
Editor - M. King Hubbert 
Shell Oil Com any, Inc. 
ouston, Texas 

V. McCollum and Com 
515 Building, Tulsa, 
Past-President - - - - Cecil H. Green 
Geophysical Service. Inc. 

6000 Lemmon Ave., Dallas, Texas 
Business Manager - Colin C. Campbell 
Room 210, 817 South Boulder, Pilea: Oklahoma 

P.O. Box 1614 


CALIFORNIA 


PACIFIC SECTION 
AMERICAN ASSOCIATION OF 


PETROLEUM GEOLOGISTS 
President - - - - Clifton W. Johnson 
Richfield Oil Corporation 
Room 430, Richfield Bldg. 

Los Angeles 13, California 
Vice-President - - - John E. Kilkenny 
Chans'>r- Canfield Midway Oil Company 
4549 Produce Plaza West, Los Angeles 11 
Secretary-Treasurer - - - - ~+ Harold E. Rader 
Standard Oil Company, Box 2437, Terminal Annex 

s Angeles 54 


Monthly meetings. Visiting geologists are welcome. 


CALIFORNIA 


COLORADO 


SAN JOAQUIN GEOLOGICAL SOCIETY 
BAKERSFIELD, CALIFORNIA 
Chairman - - - = + + + Eugene H. Vallat 
The Ohio Oil Company, Box 193 


Vice-Chairman - - - + + + John H. Beach 
Independent Exploration Company 
531 California Avenue 


Secretary-Treasurer - + + + Robert L. Rist 
Standard Oil Company of California, Box 1200 


Dinner meetings on 2d Tuesday of each month or 


ROCKY MOUNTAIN 
ASSOCIATION OF GEOLOGISTS 


DENVER, COLORADO 
President - - C, E. Manion 
Consulting Geologist 
1740 Grape Street 
Ist Vice-President- - - - + + +L. Brundall 
hoto Services 
& C Building 
2d Vice- S$. W. Lohman 
Geological "Survey 
136 New Customhouse 
Secretary-Treasurer - - - Kirk C. Forcade 
Frontier Refining Company 
410 Boston Building 
Evening dinner (6:30) and technical program 
(8:00) first Tuesday each month or by announce- 


as announced, El Tejon Hotel, Bakersfield. 
ment. 
FLORIDA ILLINOIS 
SOUTHEASTERN ILLINOIS 
eee GEOLOGICAL SOCIETY 
President - - - -C. E. Brehm 
President - L. Applin C. E. Brehm Drilling & Producing 
‘ U. S. Geological Survey t. Vernon 
Vice-President- - - - + + = = Joseph Neely 


Vice-President - - fo L. Martin, Jr. 


Sinclair "Prairie Oil Company 
Secretary-Treasurer - - - + Eleanor T. Caldwell 
Humble Oil and Refining Company, 

Box 506 
Meetings will be announced. Visiting geologists 

and friends are welcome. 


Magnolia Petroleum Company 
Box 535, Mt. Vernon 


Secretary-Treasurer - - Lloyd A. Harris 
Carter Oil Company, Dex 368, attoon 


Meetings will be announced. 


INDIANA-KENTUCKY 


KANSAS 


INDIANA-KENTUCKY 
GEOLOGICAL SOCIETY 
EVANSVILLE, INDIANA 


President - E. J. Combs 


Sun ¢ Oil Company, Box 717 


President - Maynard Rogers 
Independent, 417 Court perer: 


Secretary- G. Sutton 


n Oil Company, Box ae 


Meetings will be announced. 


KANSAS GEOLOGICAL ~ IETY 
WICHITA, KANSA 


President - - aa W. Payne 
Sinclair Prairie ‘Oil Company 
Vice-President - - T. G. Wright 


Stanolind Oil and Gas Company 


Secretary-Treasurer - ctor Reiserer 
Superior Oil Company, 510 H. Bldg. 


Regular Meetings: 7:30 P.M., Geological Room, 
University of Wichita, first Tuesday of each month. 
Noon acne, first and third Monday of each 
month at Wolf's Cafeteria. The Society sponsors 
the Kansas Well Log Bureau, 412 Union National 
Bank Building, and the Kansas Well Sample Bu- 
reau, 137 North Topeka. Visiting geologists and 
friends welcome. 
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LOUISIANA 


NEW ORLEANS 
GEOLOGICAL SOCIETY 
NEW ORLEANS, LOUISIANA 


President - - Fred S. Goerner 
California Compa any, 1818 Canal" Building 
Vice- President and rogram Chairman - 
The “Texas Company, 1500 Canal Building 


Secretary-Treasurer - - - - H. A. Nystrom 
Schlumberger Well Surveying Corporation 
452 Canal Building 
Meets the first Monday of every month, October- 
May, inclusive, 12 noon, St. Charles Hotel. Special 
meetings by announcement. Visiting geologists cor- 
dially invited. 


THE SHREVEPORT 
GEOLOGICAL SOCIETY 


SHREVEPORT, LOUISIANA 


President - - - + Claude N. Valerius 
Barnsdall. Oil Company 
427 Ricou-Brewster Building 
Vice-President - - - + Walter F. Hamilton 
Gulf Refining Company 
Box 1731 
-Treasurer- -_-R. T. Wade 
Schlumberger _ Surveying Corporation 
x 92 


Meets monthly, ‘cadiatias to May, inclusive, in 
the State Exhibit Building, Fair Grounds. All 
meetings by announcement. 


LOUISIANA 


MICHIGAN 


SOUTH LOUISIANA GEOLOGICAL 
SOCIETY 


LAKE CHARLES, LOUISIANA 


President - - - D. E. Newland 
Vice-President - - - Ross, Jr. 
Amerada Petroleum Corporation 
Secretary - L. Tipsword 
Magnolia Petroleum “Company, Box 872 
Treasurer - - hilip R. “Allin 
Gulf Oil Corporation 


Meetings: Dinner and business meetings third 

Tuesday of each month at 7:00 P.M. at the Ma- 
jestic Hotel. Special meetings by announcement. 
isiting geologists are welcome. 


MICHIGAN 
GEOLOGICAL SOCIETY 
President - - - W. A. Kelly 
Michigan State College 

ast 
Vice-President - - - - + Ralph G. Hubman 
The Texas Company 
t. Pleasant 


Secretary-Treasurer - - B. T. Sandefur 
Michigan State College 
ast Lansing 
Program Chairman -- - Gus Sanger 


Pure Company 


lare 
Meetings: Monthly, November through May at 
Michigan State College, East Lansing, Michivan. 
Informal dinners at 6:30 P.M. Papers follow 
dinner. Visitors welcome. 


MISSISSIPPI 


OKLAHOMA 


MISSISSIPPI 
GEOLOGICAL SOCIETY 


JACKSON, MISSISSIPPI 


President - - - - -R. D. Sprague 
Sinclair Wyoming Oil Company 
Vice-President - - + Carl F. Grubb 

Superior Oil Company 
Secretary-Treasurer - - T. Monsour 
Box 2571, West 


Meetings: First and third Thursdays of each 

— from October to May, inclusive, at 7:30 

"The Creole Room, LeFleur’s Restaurant, 

oe Mississippi. Visiting geologists welcome 
to all meetings. 


ARDMORE 
GEOLOGICAL SOCIETY 
ARDMORE, OKLAHOMA 


President - - + Walter Neustadt, Jr. 
Westheimer- Neustadt Oi Company, Box 974 


Vice-President - - - + + Richard Kendall 
The California Company, Box 1 


Schlumberger Well Surveying Corp., Box 7 


Dinner meetings will be held at 7:00 P.M. on the 
first Wednesday of every month from October to 
May, inclusive, at the Ardmore Hotel. 


OKLA 


HOMA 


OKLAHOMA CITY 
GEOLOGICAL SOCIETY 
OKLAHOMA CITY, OKLAHOMA 
President - - - Robert-R. Wheeler 
Consultant, 1216 Petroleum ag 
Vice-President - - ilson 
Carter ‘Oil Company 
1300 Apco Tower 

- John Janovy 


Secretary - - - 
Tide Water Associated Oil Company 


918 Hales ley. 
Treasurer - Iwyn R. Owens 
Phillips Petroleum Company 


Meetings: Technical p —— each month, subject 
to om by Program mmittee, Oklahoma med 
University, 24th Street and Blackwelder. Lunch- 
eons: Every second and fourth Thursday of each 
month, at 12:00 noon, Y.W.C.A. 


SHAWNEE 
GEOLOGICAL SOCIETY 
SHAWNEE, OKLAHOMA 


President - - + + + + + «+ + Fred J. Smith 
sea Prairie Oil Company 
Box 991, Seminole 
Vice-President - - - - + Doyle M. Burke 
The Texas Company 
Box 1007, Shawnee 
Secretary-Treasurer - - - Marcelle 
Atlantic ee Company, Box 169 
awnee 
Meets the fourth Thursday of each month at 8:00 
P.M., at the Aldridge Hotel. Visiting geologists 
welcome, 
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OKLAHOMA 


PENNSYLVANIA 


TULSA GEOLOGICAL SOCIETY 
TULSA, OKLAHOMA 
President - E. Upp 
Amerada “Petroleum Corporation, ox 2040 
1st Vice-President - - W. Reese Dillard 
Consultant, Box 2204 
2d Vice- ees oe - Thomas E. Matson 
Pure Oil Company 
Secretary-Treasurer - - Noel Evans 
1510 Philtower “Building 
Editor- - - + John C. Maher 
Geological Survey 
Federal 
Meetings: First and third ean ays, each month, 
from October to May, inclusive, at 8:00 P.M., 
University of Tulsa, Lorton Hall. Luncheons: 
Every Friday (October- May), Chamber of Com- 
merce Building. 


PITTSBURGH GEOLOGICAL 
SOCIETY 


PITTSBURGH, PENNSYLVANIA 


President - - - John T. Galey 
Independent, Box 1675 
Vice-President - - - W. B. Robinson 
Gulf Research and Devel t Company 
Box 2038 
Secretary - - James C. Patton 
Equitable Gs Company 

St 
Treasurer - - - Sidney S. Galpin 


Peoples Natural Gas ‘Company 
545 William Penn Place 
Meetings held each month, except during the 
summer. All meetings and other activities by 
special announcement. 


TEXAS 
ABILENE GEOLOGICAL SOCIETY 
ABILENE, TEXAS CORPUS CHRISTI GEOLOGICAL 
SOCIETY 
President - - - - Frank B, Conselman CORPUS CHRISTI, TEXAS 
Consulting Geologist 
Presiden H. D. McCallum 
Vice-President - - - + + + + J. R. Day Humble ‘Oil and Refining ‘Company, Box 1271 
Pan American ‘Production Company Vice-President - - Norman D. Thomas 
Secretary-Treasurer - - - ~- Riley G. Maxwell Pure Oil Company 
Consulting Geologist Secretary-Treasurer - - - James D oe 
Box 1939 Seaboard Oil Company of Delaware, Box 60 


Meetings: 2d Thursday of each month, 7:30 P.M., 
Wooten Hotel. 


Regular luncheons, Terrace Annex 
Room, Robert Driscoll Hotel, 12:00. Special night 
meetings by announcement. 


DALLAS GEOLOGICAL SOCIETY 
DALLAS, TEXAS 


President - - .« John T. Rouse 
Magnolia Petroleum Company 
P.O. Box 
Vice-President - - - + H. V. Tygrett 
The Atlantic Refining Company 
.O. Box 2819 
-Treasurer - Gilbert P. Moore 
onsulting, 501 Continental Building 
Executive Committee - - Edgar Kraus 
Atlantic Refining “Company 
ox 28 


Meetings: Monthly luncheons and night meetings 
by announcement. 


EAST TEXAS GEOLOGICAL 
SOCIETY 


TYLER, TEXAS 
President - - - -P.S. Schoeneck 
Atlantic Refining. Company 
205 Manziel uilding 
Vice-President - - Price 
Magnolia Petroleum “Company 
Box 780 
Secretary-Treasurer - G. C. Clark 
Stanolind Oil and Gas Company 


Luncheons: Each week, Monday noon, Blackstone 
otel. 

Evening meetings and programs will be an- 
nounced. Visiting geologists and friends are 
welcome. 


FORT WORTH 
GEOLOGICAL SOCIETY 


FORT WORTH, TEXAS 


President - - - -R.H. Schweers 
° The Texas Gi Company 
Vice-President - Schouten 
Stanolind oil and 
Ox 
Secretary-Treasurer - - - A. Renfro 


Texas Pacific Coal and Oil Company, Box 2100 


Meetings: Luncheon at noon, Hotel Texas, first 
and third Mondays of each month. Visiting geol- 
ogists and friends are invited and welcome at 
fi meetings. 


HOUSTON 
GEOLOGICAL SOCIETY 
HOUSTON, TEXAS 


President - - - A. F. Childers 
Gulf Oil Corporation, Box 2100 
Vice-President - - - - ~- Hershal C. Ferguson 
Consultant, 935 Esperson Building 
R. R. Rieke 
Sch umberger Well Surveying ‘Corporation 
Treasure Mary L. Holland 


Stanolind Oil-and Gas Company 


Regular meeting held the second and fourth Mon- 
days at noon (12 o'clock), Mezzanine floor, Rice 
Hotel. For any yo pertaining to the meet- 
ings write or call the secretary. 
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TEXAS 
NORTH TEXAS PANHANDLE 
GEOLOGICAL SOCIETY GEOLOGICAL SOCIETY 
WICHITA FALLS, TEXAS AMARILLO, TEXAS 
President - - J. Russell 5 
Independent Geologist, 907 Building President 1G, Hatten 
ace - Joserk W. McDonald Petroleum Company, Box 1761 
Shell Oil Company, nc., Box 2010 Vice-President - - - + + + Robert F. Herron 
Secretary-Treasurer - - + - Ralph H. McKinley Oil Development Company, 900 Polk St. 
Panhandle renee and Refining Company, Secretary-Treasurer- - - - Robert B. Totten 
x 1191 le 


Meetings: Luncheon Ist ona. Wednesdays of 
each month, 12:00 noon, Y.W.C.A. Evening meet- 
ings by special announcement. Visiting geologists 
and friends are cordially invited to all meetings. 


Sun Oil Company, Box 46 


Meetings: Luncheon Ist and 3rd Wednesdays of 
each month, 12:00 noon, Herring Hotel. Special 
night meetings by announcement, 


SOUTH TEXAS SECTION 
AMERICAN ASSOCIATION OF 
PETROLEUM GEOLOGISTS 
SAN ANTONIO, TEXAS 
President - - - + Marion J. Moore 
Sunray Oil “Corporation 
1610 Milam Building 
Vice-President - - Paul B. Hinyard 
Shell Oil Company 
2000 Alamo Nationa a 
- Maurice Forney 
Atlantic Refinin Company 
1728 Milam Building 
Meetings: One regular meeting each month in San 
Antonio. Luncheon every Monday noon at Milam 
Cafeteria, San Antonio. 


WEST TEXAS GEOLOGICAL 
SOCIETY 
MIDLAND, TEXAS 


President - - 


- W. 
Argo Oil Corp., Box 1 


Vice-President - Sam C. Giesey 
Union Oil Company of California 


Secretary - Clyde W. Turner 
Republic Natural Gas ‘Company, Box 1644 


Treasurer - - Jane M. Johnson 
Independent, Kerr- McGee Building 


Meetings will be announced. 


WEST VIRGINIA 


WYOMING 


APPALACHIAN GEOLOGICAL SOCIETY 
CHARLESTON, WEST VIRGINIA 
P.O. Box 2605 
President - B. Maxwell 
United Fuel Gas Company, & 1273 
Northern Div. - - Robert S. Hyde 
545 William Penn Place, Pittsburgh, Pa. 
Vice. Pres., Central Div. - - George H. Hall 
- Southeastern Gas Corp., Charleston, W.Va. 
Vice-Pres., Kentucky Div. - - Paul 
Kentucky-West Virginia Gas Co. Ky. 
Secretary-Treasurer - Ballentine 
Oakwood Road, "Charleston, 
Edito bold 
Thomas Circle Road, Charleston, “W.v 
Meetings: Second Monday, each month, <a 
— uly and August, at 6:30 P.M., Daniel 
oone Hotel. 


WYOMING GEOLOGICAL 
ASSOCIATION 
CASPER, WYOMING 
P.O. Box 545 
President - - Jed B. Maebius 

Gulf Oil Corporation, Box 1971 

1st Vice-President - - - - Emmett E. Schieck 

Sohio Petroleum Company, Box 359 

2d Vice-President (Programs) “Donald E. Edstrom 

British-American Oil Producing aoe. Box 620 

Secretary - ‘ Headley, Jr. 
Atlantic Refining Com ompany 
- eorge L. Goodin 

Petroleum Information, Inc. 

Informal luncheon meetings every Friday, 12 noon, 

Townsend Hotel. Visiting geologists welcome, 

Special meetings by announcement. 


Treasurer - 


POSSIBLE FUTURE OIL PROVINCES 
OF THE UNITED STATES AND CANADA 


A symposium conducted by the Research Committee of The American Association of Petroleum 


Geologists, A. I 


Levorsen, chairman. Papers read at the Twenty-sixth Annual Meeting of the Associa- 


tion, at Houston, Texas, April 1, 1941, and reprinted from the Association Bulletin, August, 1941. 


Edited by A. I. LEVORSEN 


154 pages, 83 illus. 


Price, $1.50, Postpaid 


($1.00 to A.A.P.G. members and associate members) 


THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
Box 979, Tulsa 1, Oklahoma 
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EDIFLCIO ‘REPUBLICA 
GARACAS VENEZUELA 
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EXPLORATIONS INCORPORATED 


ouston, Tex 
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FROST GEOPHYSICAL CORPORATION 


AIRBORNE MAGNETOMETERS, For contract surveys, 


sale and lease. 


GRAVIMETERS manufactured under license from Stand- 
ard Oil Development Company. 


GRAVIMETRIC AND MAGNETIC SURVEYS carefully con- 
ducted by competent personnel. 


GEOLOGIC INTERPRETATION of the results of gravimet- 


ric and magnetic surveys. 


4410 South Peoria Avenue Tulsa 3, Oklahoma 


Having trouble interpreting your data? 
Perhaps it’s because your mixed records’ } 
say, ‘‘Pick the dip this way,’’ 
where a simple record would say ee 
‘*Pick it this way ’’ 
RELIABLE gets BOTH \ Ja 
mixed and simple every shot. f ‘ 


SIMPLE 
RELIABLE GEOPHYSICAL CO. 
Glenn M. McGuckin Perry R. Love 


Box 450 
Yoakum, Texas 


| 
¥ 


FOR MODERN 
DRILLING | 


TO ALL DRILLING — 


Many new and highly effective 
materials now make drilling 
muds better than ever before 

in solving troublesome prob- 
lems. Baroidtakesprideinhav- 
ing substantially contributed to 
the development of these ma- 
terials. But, new methods, how- 
ever spectacular, are neverthe- 
less based upon fundamental 
concepts and technique. 


Modern “know-how” combined with 
these two pioneer materials—BAROID 
and AQUAGEL—has resulted in muds 
capable of permitting straight drilling 


through most troublesome formations 
encountered, without highly critical ond 
control or maintenance. Such simple pn 
muds can readily handle the majority yaoe 


of drilling conditions easily and effec- 
tively. If conditions do demand special 
treatments or extremely low water 
losses, then Baroid-Aquagel muds pro- ; 
vide a perfect base for such control. The drilling industry has long recognized 
BAROID as the standard mud weight ma- 
terial. The quantity annually consumed 
supports this fact conclusively. Similarly, 
thousands of operators prefer AQUAGEL 
to all other sources of colloidal material. 
These facts are a matter of record. 


PATENT LICENSES unrestricted as to sources of supply of materials, but on 
royalty bases, will be granted to oil companies and others desiring 

to practice the subject matter of any and/or all of United States Patent Num- 

bers 2,041,086; 2,044,758; 2,064,936; 2,094,316; 2,119,829; 2,294,877; 2,387,- 

694; 2,393,165; 2,393,173; 2,417,307 and further improvements thereof. Appli- 

cations for licenses should be made to Los Angeles office. 


“THE DEPENDABLE 
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Basis for 
EASIER 
FASTER 

MORE ACCURATE 

Gravity Surveying 


RAVITY SURVEYING is much simpler, with more 


precise readings, thanks to the North American 
Gravity Meter. Easier and faster surveying of any land or 
sea area results from the Meter’s light weight and compact 


size. One man can carry it on the back pack. Readings can 
be made while mounted in jeep or sedan. It is being widely 
used for diving bell operations. It is right at home in a 
small boat or canoe. 

Being extremely stable and with a sensitivity of .01 
miligal, the North American Gravity Meter assures read- 
ings of greater accuracy, than is usual for surveys of this 
type. 

It will pay you to use the North American Gravity Meter 
for your gravity surveying. Write for details of our sale 
and lease plans. 


NORTH AMERICAN GEOPHYSICAL Co. 


Manvfacturers of Geophysical Equipment and Precision Apparatus 
2627 Westheimer, Keystone 3-7408, Houston 6, Tex. 
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eting gravity surveys in most of the petroleu 
of the world . . localizing structural areas. 


Marine Exploration 
NDERWATER GRAVITY METER 


GRAVITY METER 


EXPLORATION CO. 
A. C. PAGAN NETTLETON geop h ys icis ts 
Esperson Building, Houston, Texas 


W. G. SAVILLE . 


Electrically controlled a ed from 
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SPECIALIZING IN ACCURATE SEISMIC WORK 
ON LAND AND SEA 


By combining highly portable and 
accurate field instruments with 
highly mobile field equipment, Ma- 
rine Exploration has been able to 
successfully . . . and economically 


Survey many areas previously 
thought to be inaccessible for seis- 
mic operations. Your inquiry about 
your costly prospects will be ap- 
preciated. 


XPLORATION 


3732 WESTHEIMER ROAD, HOUSTON 6, TEXAS 


423 BALTER BUILDING, 


NEW ORLEANS, LA. 
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AIRBORNE / MAGNETOMETER COVERS ALL AREAS—LAND OR WATER 


Fairchild provides a new horizon in magnetic mapping 


IN FLIGHT, over land, water . . . any type of terrain, 
Fairchild provides a vastly enhanced magnetic map- 
ping service with the airborne magnetometer. Speed, 
accuracy, and low cost are featured by Fairchild 
methods of magnetic mapping. The limitations in- 
herent to ground methods are largely eliminated. For 
the first time, magnetic mapping f ocedures are prac- 
ticable over water. Skillfully executed by Fairchild 
engineers, surveys conducted with the airborne mag- 
netometer can benefit your petroleum explorations. 
BASE-FORMATION PROFILES, as flown by Fairchild with 


the Gulf Research & Development Company magne- 
tometer, differ from ground survey methods in at least 
three important aspects: 


1. Speed 
2. Freedom from misleading surface effects 
3. Effective everywhere 


FOR COMPLETE INFORMATION on the value of Fairchild 
methods to you, make your survey plans in consulta- 
tion with Fairchild engineers. No obligation, of course, 
for preliminary planning. 


AERIAL SURVEYS, INC, 


PHOTOGRAMMETRIC ENGINEERS @ 224 


EAST ELEVENTH STREET, LOS ANGELES 15, CALIFORNIA 


| 
e 
| 


designed to secure maximum 
results with minimum expense 
cand time. Exhaustive laboratory | 
and field research have dic- — 
tated the design of all: units. | 
_ All components are of the finest 
obtainable. 


‘equipment for where size 
critica 


GEOPHYSICAL 


TULSA, OKLAHOMA 


49 Broadway 


MODEL 501 


AMPLIFIER 


Century Model 501 Amplifier is a result of 
years of intense engineering to create an 
amplifier providing superior performance. 
This amplifier provides the maximum signal 
to noise ratio and additional reserve gain 
for use under the most quiet operating con- 
ditions. Self-contained automatic gain con- 
trol. Each channel controlled separately. 
Each amplifier is carefully checked for 
phase characteristics at all frequencies, 
assuring perfect duplication of amplifiers. 


CENTURY GEOPHYSICAL CORP. 
TULSA, OKLAHOMA 
149 Broadway, New York 
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LANE-WELLS PERFORATING 


Place perforations 
7 feet below the 
collar at 4379 feet. 


The perforator is 


Complete well records—Radio- positioned down-hole y 
activity Well Log and Collar with one of the | 
Log indicate that the zone to world’s most accurate 


be perforated is 7 feet below the measuring systems 
collar at 4379 feet. The perforator 
with Collar Locator attached is lowered into the 
well. Feeler wires locate the collar, making it easy 
for the operator to know the perforator’s exact 
location. And the other elements in Lane-Wells : 
measuring system—the mic ter-adjustabl The Collar Locator | i 
measuring sheave, the on the perforator 
individually - calibrated double checks | 
cables, the sensitive the position — 
weight indicator — \ 
these let the operator 
place the perforator 
precisely where it is 
wanted for a perfect 
perforating job. That's 
real measurement ac- 
curacy — accuracy that 


because the collar 


oil operators themselves 
accept as the standard rele- 
of the industry. tion to the formation. 
It is only 7 feet. 
One of the reasons for to exact depth. 


97% Gun Perforating Efficiency 


16 YEAR RECORD 


Genesal Offices, Expert Offices and Plant 
5610 S. Sete St.. Los Angeles 11, Calif. 


24 HOUR SERVICE - 49 BRANCHES 


EASUREME 

sa a The Collar Locator that 
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THE GEOTECHNICAL CORPORATION 


Roland F. Beers 
President 


P.O. Box 7166 
D4-3947 Dallas, Texas 


GEOPHYSICAL SURVEYS 
UNIVERSAL EXPLORATION COMPANY 


2044 Richmond Road 


HOUSTON 6, TEXAS 


MINERAL RESOURCES OF CHINA 


By V. C. Juan 


June-July, 1946 Issue, Part II, Economic Geology 
75 cents per copy “In lots of 10—$6.00 


The Economic Geology Publishing Company 
100 Natural Resources Building, Urbana, Illinois 


INC 
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GETS ACCURATE RESULTS—IN A HURRY 


If you want accurate elevations and want them in a hurry use this 
W&T Sensitive Altimeter in your gravity meter surveys, structural 
mapping and topographic reconnaissance. With it you get eleva- 
tions in 1/10 the time formerly required at a fraction of the cost. 


Here are some of the outstanding features of this rugged precise 
instrument which has proven itself in oil exploration work: 


Direct Reading 1 part in 1000 
Custom Calibrated Oto 2000 feet 
Oto 7000 feet 
0 to 16000 feet 
Shock-Proofed Mechanism hardwood or metal 
All types available in matched sets for ultra precision work. Write 
for technical literature. 
WALLACE & TIERNAN 


PRODUCTS, INC. 
ELECTRICAL MECHANISMS AND PRECISION INSTRUMENTS 
Belleville 9, New Jersey * Represented in Principal Cities A-71 


| 
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SUMMER 


WINTER 


We have had over 12 continuous crew-years of 
gravimeter experience in the Rocky Mountain 


Area. It does not get too hot, too cold, or too 
rough for our Personnel and Equipment to 
operate. 


You are assured adequate station density as 
well as quality and quantity of data. 


STATES EXPLORATION COMPANY 


Gravity Meter Surveys 
SHERMAN, TEXAS 
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once!—Be sure you include | 
 Geolograph in all Drilling Well 


XXXViii 


e drilled 11 times more hole per set of blades 
than conventional type drag bits 


e increased drilling speeds by 33 1/3% 
e reduced bit costs over 50% 
e reduced roller bits used by 60% 


It sounds unbelievable, but it’s true. A 
major seismograph party got these results 
with Hawthorne Replaceable Blade ‘Rock 
Cutter” Bits in a six-month comparative test 
with conventional type drag bits. Complete 
details will be furnished on request. 

Of course, conditions vary. Your results 
may differ from those of this operator. You 
can be sure, however, that you will cut 
drilling costs and increase drilling speed 
when you use Hawthorne Bits. Every 
operator who has tried them has found this 
to be true. 

Hawthorne Replaceable Blade “Rock 
Cutter” Bits are available in a range of sizes 
to fit any drill. For complete information, 
write for our bit catalog today. 


HERB J. 


P. BOX 7299 HOUSTON 8, TEXAS 
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Patents Pending 


Hawthorne 


Replaceable Blade 
Rock Cutter Bits 


INC. 
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IT PROVIDES MORE SHIELDING... 
AT NO INCREASE IN SIZE OR COST 


arrison 
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IMPROVED “S- SERIES” GEOPHYSICAL TRANSFORMERS 


GREATER DEPENDABILITY... 


Available as input, output, interstage and choke, this 
improved ‘S-Series’ Geophysical Transformer is manu- 
factured with hermetically sealed leads. The case is 
highly polished nickel plated Mu-Metal . . . one-piece, 
seamless, drawn . . . for “no-drift’’ performance in 
high humidity areas. 

Write for our latest catalog which gives complete 
information on this improved Geophysical Transformer. 
They are available in standard or special models. We 
will gladly work with your engineers to develop special 
models for your specific use. 


HARRISON SERVES THE INDUSTRY WITH CONTINUOUSLY IMPROVED GEOPHYSICAL EQUIPMENT 


Co, Yne. 


MAIN OFFICES: 1422 SAN JACINTO, HOUSTON 
BRANCHES: 6234 PEELER ST., DALLAS @ 1124 E, 4TH ST., TULSA 


/S. / E./ : 
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2626 Westheimer HOUSTON, TEXAS 
PHONE Keystone 35511 
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‘SHALE SEPARATOR 
“AND SAMPLE MACHINE 


True Samples 


GET TRUE SAMPLES INSTANTLY—economically— 

. without interfering with drilling operations! No ex- 
pensive slow-down ... no special equipment or tech- 
nicians needed. Thompson Sample Machine is oper- 
ated by a simple hand lever. Pays for the entire 
separator in a short time. 


Engineered to be operated by the slightest flow of 
mud, with capacity to handle extreme pressures and 
volume from the deepest wells! Only clean mud goes 
back into the well. No abrasives to wear out equip- 
ment. Standard equipment on every model, the 
SAMPLE MACHINE gives accurate foot-by-foot 
samples of cuttings. By-pass now standard on all 
models. Your order can be filled today. 


THOMPSON TOOL CO. 


IOWA PARK, TEXAS 
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Immediate Accessories include 
carrying case, hand 


Deliv 
ery / and shoulder straps, 


magnifier,chermometer, 
AMERICAN PAULIN SYSTE 


and operational 
Manufacturers of Precision Instruments 


@& 147 SOUTH FLOWER STREET, LOS ANGELES 15, CALIFORNIA ¢ 


> 
| 
/ for 4 pre jminary surveys ‘ 
Accurate, sensitives rugged, the new improved SA series America® 
Paulin System Surveying Alrimeters supply readings 19 1/10ch the 
= i rime with accuracy perter than 1 part in 1000. These altimetets have : 
1 been recognized for years bY jeading geld enginees® and geologists 
as the world’s standard in dependability. 
Type sA1: io 2! intervals Price Complete 
Type SA2: Io intervals 
Range 10,600 (—900' to 9,700’) 
Type SAS: In 10° intervals > gee your dealet 
Range 15,000 (—30' 10 14,500) pes direct 
(Also available in meters) or informacion 
| — ! | 
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WHEN YOU WANT TO KNOW FACTS 
about formations penetrated, such as Porosity, 
Permeability, Saturation, Grain Size or Composi- 


tion. ... 


HERE ARE THE TYPES OF CORES 


that give you that information, in accurate, uncon- 


taminated samples of the formation, and 


HERE IS THE BAKER CORE BARREL 
that takes such cores quickly, easily and economi- 
cally. 


Full details are in the 1948 Baker 
or Composite Catalog, or contact 
any Baker office or representative. 


| 
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| BAKER OIL TOOLS. 

Meare Houston —kOS ANGELES—New Yor 
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Complete Line of 
BAUSCH & LOMB Stereoscopic 
WIDE FIELD MICROSCOPES 


WRITE for complete information and 
a demonstration. Bausch & Lomb 
Optical Company, 610-A St. Paul St., 
Rochester 2, New York. 


| 
| 
| 
xliv 
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; | 
| 
4 You can se ect to meet your specific needs. 
Revolutionary design and construction intro- 
pe 4 
duces ni high standards of and 
WIDER FIELDS HIGHER EYEPOINT 
: _ DUST-PROOF NOSEPIECE...Sealed-in Prisms 
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It has long been the hope of the exploration 
industry to obtain seismic records from shots set 
off above-ground. Such a hope has at last become 
a reality and rumors have ceased to exist. 


Republic Exploration has actively participated 
in the capacity of engineering-development con- 
sultants assisting in field operations in bringing 


this revolutionary exploratory "looking glass" to 
the oil industry. 


In the future as in the past Republic will expend 
its every effort to bring more progressive meas- 
ures in the field of exploration to the oil world. 


REPUBLIC EXPLORATION COMPANY 


TULSA, OKLAHOMA 
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MOTORIZED DRILL RIG 


JOY’S new #150 Motorized Drill Rig is designed 
for heavy-duty seismograph, electrical logging, 
structure testing and shallow water well drilling 
down to 1500 feet. It incorporates the most 
modern improvements in drill rig design—has 
proved itself outstanding in the field within its 
capacity range. Note these exclusive features: 


: * All chains are oll-bath lubricated and run in 
oll-tight cases. 
* Equipped with conventional oll-bath rotary 
table with 6%’’ opening. For running larger 
casing, the rotary table is retractable 14 
inches. 
* Mast elevating and lowering cylinders are 
arranged to eliminate over-travel on either 
the up or down stroke. 
%* Main drum clutch and sand-reel clutch use 
same friction plates. 


WRITE FOR BULLETIN 


The efficient and highly portable #150 Motorized Drill Rig on the job. 


O21tes 


HENRY W. OLIVER BUILDING PITTSBURGH 22, PA 
NADA: IMITED, 


“CANADA 
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Photogeological Analysis 


GEOPHOTO SERVICE 


OUR WORKSHOP — YEAR ‘ROUND 


HEILAND EXPLORATION 


OF 


SHREVEPORT. EDMONTON. ALBERTA CANADA 


; in the area give seismic crews of 
_ “jump on nature.” ... At 30° below 
TA | or 100° above—nothing takes the 
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Welded Steel 
PALEONTOLOGY ad GEOLOGY CASES 
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CABINET CONSISTS OF 2 BAYS, 
EACH CONSISTING OF 25 OPENINGS 
FOR TRAYS—TOTAL 50 OPENINGS 


NOW AVAILABLE—all steel cabinets 
and trays. Made of furniture steel, 
welded construction, with lock. Doors 
furnished with 3 point locking device. 
VERMIN PROOF—MOISTURE PROOF 


“This will be on display at the St. Louis convention March 14-17, 1949.” 


Green or Gray finish—Shipped set up ready for use 


For complete information, write 


W. B. WOOD COMPANY 


CONTRACT DEPARTMENT 
43 CLINTON STREET 
NEWARK 2, NEW JERSEY, U.S.A. 
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TRIANGLE BLUE PRINT & SUPPLY COMPANY 
We Repair 
ALL BRANDS OF MICROSCOPES AND SURVEYING INSTRUMENTS 
LET US GIVE YOU: AN ESTIMATE ON YOUR WORK 


12 West Fourth Street, Tulsa, Oklahoma 


Tectonic Map of the United States. Second printing. Originally published, 1944. Prepared 
under the direction of the Committee on Tectonics, Division of Geology and Geography, 
National Research Council. Scale, 1 inch = 40 miles. Printed in 7 colors on 2 sheets, each 
40 x 50 inches. Folded, $1.75. Rolled in tube, $2.00. 


The American Association of Petroleum Geologists, Box 979, Tulsa, Oklahoma 


TEXAS SEISMOGRAPH COMPANY 
R. L. McLaren R. A. Crain 


PANHANDLE BUILDING WICHITA FALLS, TEXAS 


MIOCENE STRATIGRAPHY OF CALIFORNIA 
By Robert M. Kleinpell 
450 pages; 14 line drawings, including a large correlation chart in pocket; 22 full 


tone plates of Foraminifera; 18 tables (check lists, and # range chart of 15 pages). 
Bound in blue cloth; gold stamped; paper jacket: 6 x 9 inches. ’ 


PRICE: $5.00, POSTPAID 
($4.50 TO A.A.P.G. MEMBERS AND ASSOCIATES) 


The American Association of Petroleum Geologists 
BOX 979, TULSA 1, OKLAHOMA, U.S.A. 


FOR SALE 


24 Trace Model |6-D E.L.I. Seismograph Recorder mounted on 1947 Ford I!/, 
ton truck (approximately 14,000 miles) complete with 52 Seismometers, 28 
Galvanometers, Cables, etc. Like new. 


$14,975 
F.O.B. Tulsa 


WRITE: 802 DANIEL BLDG., TULSA, OKLAHOMA 
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Sliding top being removed from 
Samplex slide. 


Lithologic breaks stand out like the 
proverbial sore thumb. 

Samples are plainly visible thru plas- 
tic slides. 

A quick, easy-to-open sliding top 
exposes samples for microscopic 
inspection. Samples remain in slide 
at all times. 


You save time because each slide replaces the 
need for handling FIVE paper bags. You save 
space because 100 slides, holding 5,000 ft. of 
samples, are contained in a small 74%” cube 
storage box. Samplex slides (of crystal clear 
plastic) enable you to look at 50 ft. of samples 
at one time, making lithological breaks easier 
to pick. Depth is marked on each slide top. 
Samplex slides are the modern answer to your 
sample running and storage problems. Write 
now for additional information. 


AMPLEX COMPANY, 61 


_ contained in 71,” cube storage box, 
WASHINGTON, ARDMORE, OKLAHOMA 
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Run a comparative test. Compare the 
REED “Kor-King” with any other core drill and 
standardize on the one that gives the best results. 


Many of our best customers have 
standardized on REED “Kor-King” 
CORE DRILLS only after making 
careful performance comparisons. 
Their comparisons have shown to 
their complete satisfaction, that 
REED “Kor-Kings” consistently get a 
higher percentage recovery of 


good cores. 


Other reasons for this preference 
are the long life and fast drilling 
action of Reed cutter heads, the 


simple, rugged construction of “Kor- 
King” core barrels, and the easily 
replaceable oil resistant core barrel 


bearings. 


Use a Reed “Kor-King” on your next 
coring job. Keep records. Compare 
percentage recovery, core quality, 
and cutter head peformance. You 
will see for yourself why Reed “Kor- 
King” core drills are the preference 


of leading operators — all over the 


world. 


REED ROLLER BIT COMPANY 


P. O. BOX 2119 


HOUSTON 1, TEXAS 


LONDON: 59 Wool Exchange, Coleman St., London E.C.2, England 
NEW YORK: 1836 RCA Building, New York 20, New York 
ARGENTINA: Avenida Presidente Roque, Saenz Pena 1124, Buenos Aires, Argentina 


Gulf Coast, Mid-Continent and Rocky Mountain Distributor for Martin-Decker Products 
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HOW TO RECOVER 
GEOLOGICAL DATA 
FROM HARD AND SOFT FORMATIONS 


The A-1 Rotary-Type Side Wall Core 
Barrel is the result of intensive en- 
gineering research in response to the de- 
mand for a coring method that could be 
effectively used in conjunction with elec- 
trical well logging. It is designed to se- 
cure the advantages of drilling the well, 
running the electrical log, then coring. 


This side wall core barrel is designed 
to cut cores in hard as well as soft forma- 
tions. It operates similar to regular wire 
line barrels except that the cores are cut 
at an angle of approximately twenty de- 
grees with the well bore. It is fed into the 
wall of the well bore by means of pump 
pressure. Rotation is transmitted to the 
core cutter head by the drill pipe result- 
ing in true cores that are not mashed, 
distorted, or contaminated. Such cores are 
ideal for laboratory examination and eval- 
uation. They are 1%4” O.D. and have suffi- 
cient volume to allow complete analysis 
for permeability—vertical and horizontal 
—porosity, oil and water content, chloride 
content, and grain size. 


This tool is operated by and with reg- 
ular rotary drilling equipment plus an 
auxiliary sand line hoist. Cores are cut 
with mud circulating as in regular drill- 
ing. Cores are cut quickly and are com- 
pletely enclosed in an inner barrel. Since 
cores are cut after the well is drilled and 
after running the electrical log, non-es- 
sential zones or sections are not cored. 
This results in reduced coring costs and 
less coring time. 


The side wall core barrel will operate 
in any size hole from 8%4” diameter 
through 15”. The minimum I.D. of drill 
pipe the barrel will run through is 2 13/16”. 
We recommend a minimum of 434” drill 
pipe with 4%4” A.P.I, Full Hole or larger 
I.D. Tool Joints. Write for additional in- 
formation. 


HERE'S POSITIVE PROOF OF THE ACCEPTANCE 
OF THE A-1 SIDE WALL CORE BARREL. FORM 
DECEMBER 17, 1945 TO NOVEMBER 9, 1948: 


5177 Cores for 

139 Companies on 

513 Wells in 

70 Different Formations at Depths from 
1352’ to 16,127’. 


INCORPORATED 


GENERAL OFFICE 
2000 HUSSION ST. HOUSTON, TEXAS 
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geologic data’ 
this ationdkis engaged. 
National for a 4 enolysis of your idea. 


DALLAS 
MAME GEOPHYSICAL COMPANY, INC. 
MIDLAND . 
HOUSTON 
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The new GSI! home at 6000 Lemmon Avenue, Dallas... 
40,000 square feet of plant on seven acres . . . housing the 
most modern facilities for engineering, research and crew 
maintenance. We invite you to visit us. 


EOPHYSICAL Sservice 


SEISMIC SURVEYS 


6000 LEMMON AVENUE DALLAS, TEXAS 
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FOR CORES THAT TELL 
THE STORY CHOOSE A 


HUGHES CORE BIT 


HUGHES company 
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